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THE NOISINESS OF TONES PLUS NOISE 
by Karl S. Pearsons, Richard D. Horonjeff, 
and Dwight E. Bishop 
Bolt Beranek and Newman Inc. 
SUMMARY 
A s e r i e s  o f  judgment t e s t s  were conducted t o  i nves t iga t e  
sub jec t ive  judgments of single, modulated and lnultiple tones 
plus noise.  The subjects were asked t o  judge  which of two 
sounds, tones p l u s  noise  o r  noise alone, was n o i s i e r  ( o r  
i n  some cases  louder) .  S t i m u l i  included  both  broadband and 
octave band noises  toge ther  w i t h  s ing le  tones  a t  250, 500, 
1000, 2000, 4000 Hz. Amplitude  and  frequency-modulated 
tones of 500 and 2000 Hz were a l s o  employed. Multiple tone 
s t imuli  included 2 and 5 tone complexes w i t h  o v e r a l l  
frequency spacings of 1/10, 1/3, 1, 4/3 and 2 octaves. 
Ana.lysis of t h e  judgment r e s u l t s  were made using 
ca lcu la ted  perce ived  nc ise  leve l  and pure tone correction 
procedures suggested b o t h  by L i t t l e ,  and by Kryter and 
Pearsons. 
In  general ,  the  pure tone correct ions were necessary,  
t he  excep t ion  be ing  s i tua t ions  in  which the  pure tone i s  
added t o  a n  o c t a v e  band of no ise .  In  one t e s t  s e r i e s ;  
however, the  pure tone adjustment appears t o  ove rco r rec t  
ii? a l l  c o n d i t i o n s .  The e f f ec t  o f  t h e  i n s t r u c t i o n  s e t  was 
marked. The add i t ion  of a pure tone t o  noise  had l e s s  
e f f e c t  on judgments of loudness and more e f f e c t  on 
judgments  of  noisiness. The average difference was 5 dB. 
Modulated tones showed l i t t l e  d i f f e r e n c e  from those of 
unmodulated tones, except a t  low modulat ion rates  which 
produced  annoying  beats. For mul t ip le  tones  there  
appea.red t o  be no difference in  peoples  assessment  of  
harmonic and non-harmonically related tone complexes. 
Although the  nois iness  increases  somewhat w i t h  increase  
i n  number of tones,  this effect .  does not require modifica- 
tion of t he  present pure tone correction methods.  
INTRODUCTION 
During the development of the calculation procedure 
for  perce ived  noise  leve l ,  it was r ea l i zed  tha t  nois iness  
of discrete  tones could not  be predicted.  This  was l a t e r  
confirmed by L i t t l e  ( r e f  . l j  and Wells and B laz i e r  ( r e f  . 2) 
who found it necessary to add a c o r r e c t i o n  f a c t o r  t o  
accoun t  fo r  t he  added e f f e c t s  of the discrete  tones. To 
inves t iga t e  t h i s  d i sc re t e  t one  co r rec t ion  f ac to r ,  Bo l t  
Beranek and Newman Inc. conducted some tests, the  results 
of which were published by Kryter and Pearsons (ref. 3, 4 ) .  
These t e s t s  u t i l i zed  pu re  tones  in  oc t ave  bands  of n o i s e  a t  
frequencies ranging f rom 500 t o  6,300 Hz. These s t i m u l i  
were compared with octave bands of noise without tones. 
D i f f e rences  in  sound pressure  leve l  a t  judged  equal  no is iness  
were then determined as a funct ion of  tone-to-noise  ra t io .  
There a r e  two ways of  including a c o r r e c t i o n  f a c t o r  f o r  
pure  tones.  One, used by Kryter and  Pearsons, i s  t o  i n c r e a s e  
the sound p r e s s u r e  l e v e l  i n  t h e  band conta in ing  the  tone  
o v e r  t h a t  a c t u a l l y  measured t o  i n c r e a s e  the  ca lcu la ted  
perceived  noise   level .  The second  approach,  used by L i t t l e ,  
i s  t o  simply add a number of dec ibe l s  t o  the  ca l cu la t ed  
perce ived  noise  leve l .  In  both  cases ,  the  increase  in  t he  
calcuiated value depends on t h e  frequency of the pure tone 
and i t s  magni tude  re la t ive  to  the  noise .   Ei ther  method 
increases  the  pree ic ted  nois iness  of  those  spec t ra  conta in ing  
pure tones. La.ter t es t s  by BBN using broadband noises and 
multiple and modulated pure tones produced results which d i d  
not  agree wi th  t he  o r i g i n a l  tes ts  ( ref .  5). These t e s t s  
ind ica ted  that  no pure toae correction of any type was 
necessary. 
To reso lve  these  d l f fe rences  and to  p rov ide  add i t iona l  
information on t h e  e f f e c t s  of multiple and modulated pure 
tones,  BBN agreed t o  perform the following tasks under 
Contract No. NAS1-63@!-. 
Task I - I n v e s t i g a t e  t h e  e f f e c t  of mul t ip le  and  modulated 
tones on perceived nois iness  using the rat ing 
method of pa.ired-comparison. 
Task I1 - I n v e s t i g a t e  t h e  e f f e c t  of non-harmonically related 
pure tones i n  the mult iple- tone tes ts .  
Task I11 - Inves t iga t e  how the  spectrum sha.pe of t he  noise  
t o  which the  pure  tones  are added effects judg- 
ments of noisiness by systematical ly  varying 
t h e  background noise spectrum shape and holding 
the  tone- to-noise  ra t io  cons tan t .  
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The nex t  s ec t ion  desc r ibes  the  se r i e s  of t e s t s  used 
in  these  exper iments .  This i s  followed  by a p r e s e n t a t i o n  
of the  da ta  from the experiments. Next, a discussion of 
t h e s e  r e s u l t s  is  then presented fol lowed f inal ly  by a 
conclusion eection. 
TEST DESCRIFTION 
Test Organization 
As noted i n  the first sec t ion ,  the  work s ta tement  ca l led  
f o r  us  t o  i n v e s t i g a t e  t h e  e f f e c t s  on judged noisiness of ( a )  
mult iple  and modulated tones, ( b )  non-harmonically related 
pure tones, and (c) the noise spectrum shape t o  which t h e  
pure tones are added. 
To accompl5sh these tasks, judgment tests were conducted 
i n  t h r e e  s e r i e s  as fol lows:  
Tes t  Ser ies  I - Noisiness and loudness  judgments of 
s ing le .  tones  combined with varied broadband noise spectra. 
Tes t  Ser ies  I1 - ( A )  Noisiness  judgments of  modulated 
s ing le  tones ,  ( B )  Noisiness of two-tone complexe8 a s  
a func t ion  of frequency spacing, and ( C )  Repeat of a 
por t ion  of  Tes t  Ser ies  I a t  a lower level. 
Test  Ser ies  111 - Noisiness judgments of mult iple  tones 
inc ludiag  both harmonically and non-harmonically 
re la ted  tones .  
In  Tes t  Ser ies  I, two groups of twenty subjects were 
used .   In   the   succeeding   tes t   se r ies ,   s ing le   g roups  of 
twenty subjects  were  employed. .The majori ty  of  subjects  
were  college  students.  All subjec ts  were audiometr ical ly  
screened p r i o r  t o  t h e  tests with t h e  screening  leve l  held 
wi th in  15 dB of  the  new IS0 s tandard  threshold  ( re f .  6). 
h-ocedure 
The udgment t e s t s  were a.11 conducted i n  an  anechoic 
chamber, 8 f t  by 10 f t  by 7.5 f t  high. Two b a s i c  t e s t  
methods were employed dur ing  the  ser ies  of  judgment t e s t s ;  
the method of adjustment, and t h e  method of paired-compari- 
son. For Test Se r i e s  I, 11-A, 11-C and 111, t h e  method of 
of  adjustment was used only i n  p r e l i m i n a r y  t e s t s  t o  
supplement information o f  prev ious  tes t s  necessary  t o  obta in  
l e v e l s  f o r  t he  more detailed  paired-comparison tests. I n  
Test  Ser ies  I f -B,  the method of adjustment was the pr imary 
t e s t  method. 
I n  the method of adjustment,  subjects uere asked t o  
a d j u s t  t h e  l e v e l  of cornpayison  sound unt i l  they  judged  
tha.t it was j u s t  a s  . no i sy  o r  d i s tu rb ing  a s  the  s t anda rd  
sound. For  t h i s  method, a s ing le  sub jec t  was t e s t e d  a t  
one time. 
For the  paired-comparison tes ts ,  the  p r i m a r y  t e s t  
method f o r  Test Se r i e s  I, 11-A and 111, tapes  were prepared 
f o r  p r e s e n t i n g  t h e  sound  samples t o  t h e  s u b j e c t s .  I n  
prepar ing  the  tapes ,  ezch  pa i r  of samples included a standard 
noise  and  comparison  noise. For tests of th i s  type  the  
s tandard noise  or the comparison noise may be presented f i r s t .  
Since the order in which the two noises  are  presented may 
inf luence a s u b j e c t ' s  judgment,  both  orders  were  used. The 
da ta  was then averaged s o  tha t  o rde r  e f f ec t s  would tend t o  
be cancel led.  The t e s t  p a i r s  were  randomized using a random 
number t a b l e  and recorded on ma.gnetic  tape.  During  presenta- 
t ion of  the paired-comparison tape,  the subjects  were asked 
t o  choose which of  the pzir  of  sound s t i m u l i  was t h e  n o i s i e r  
(or t h e  louder )  and t o  i n d i c a t e  t h a t  c h o i c e  by punching t h e  
appropria . te  posi t ions cn a.n IBM port-a-punch card. For t he  
paired-comparison methods, generally f0u.r  subjects were 
t e s t e d  a t  one time w i t h  t e s t  s e s s i o n s  l i m i t e d  t o  approximately 
90 minutes.   In  addition,  severa.1  rest   periods  were  given 
t o  t h e  subjects  to  prevent  poss ib le  fa . t igue .  The a c t u a l  
i n s t r u c t i o n s  f o r  t h e  d - l f f e r e n t  t e s t s  a r e  g i v e n  i n  Appendix A .  
Equipment 
The equ5-pment used t o  p r e s e n t  t h e  t e s t  s t i m u l i  t o  t h e  
subjects i s  shown i n  a block  diagram  in  Fig.  1. The 
electronic  switch,  the four-second timer, and t h e  t r i g g e r  
ampl i f ie r  were employed so t h a t  no audib le  tape  hiss o r  
verba l  anota t ion  on the tape between samples was heard by 
t h e  t e s t  s u b j e c t s .  T h i s  was accomplished by pu t t ing  a pulse  
on the paired-comparison tape j u s t  p r i o r  t o  t h e  sound 
stimulus.  This  pulse  control led the four-second timer which, 
i n  t u rn ,  t u rned  on the  e lec t ronic  swi tch  for  the  four -second 
dura t ion  of  the  sound stimulus.  The vol t  meter  was used t o  
s e t  t h e  l e v e l s  o f  the t e s t  s t imul i  dur ing  t h e  t e s t  s e s s i o n s  
De ta i l ed  acous t i ca l  ana lys i s  of noise  samples  were la ter  
performed in  the  anecho ic  chamber w i t h  no subjec ts  present .  
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F u r t h e r  d e t a i l s  of  the st imulus generating equipment 
necessary for  creat ing the paired-comparison tape are  
g iven  in  Appendix B. 
Test  S t i m u l i  
A v a r i e t y  of t e s t  s t i m u l i  were employed i n  t h e  t h r e e  
s e r i e s  o f  t e s t s .  The s t i m u l i  a r e  b r i e f l y  d e s c r i b e d  i n  
Tables 1 through IV which l ist  the  bas ic  s t i m u l i  fo r  each  
major tes t  se r ies .  One- th i rd  oc tave  band no i se  l eve l s  of 
appendix,  the levels  l i s ted a r e  t h e  maximum l e v e l s  a t  which 
the  spec t r a  were presented t o  the tes t  sub jec t s ;  t he  l eve l s  
l i s t e d  a r e  t h e  a v e r a g e  of those monitored a t  the  var ious  
sea t  pos i t i ons . )  
I ' t he   s t imu l i   a r e   t abu la t ed   i n  Appendix C. (As noted i n   t h e  
I n  Test Se r i e s  I, t h e  s t i m u l i  l isted i n  Table I were 
used in  the paired comparison tes ts .  The standard I s  
always a noise ,   as  t he  t ab le  ind ica t e s .  The comparison 
c o n s i s t s  e i t h e r  of a.) t ha t  no i se  wi th  a pure tone added 
t o  the noise ,  o r  b )  the pure tone alone (no noise).  The 
frequency of the pure tone was 250, 500, 1000, 2000, o r  
4000 Hz. Figures 2 through 4 show examples of  the var ious 
s t i m u l i  used du r ing  these  t e s t s .  When the  tone  is added 
t o  an octave band o f  n o i s e  a t  t h e  same center  f requency as  
the tone,  see Fig. 2, the  s tandard i s  t h e  same octave band 
of  noise  without  the tone.  For  tes t ing using the tone alone 
as t h e  comparison, the standard i s  the octave band of noise  
whose center  f requency i s  t h a t  of the tone.  Figure 3 
shows a broadband noise similar in shape t o  a j e t  a i r c r a f t  
f lyover  noise  ( s imula t ing  the spectra  of  a. t u rbo je t  t akeof f  
a t  2000-ft a l t i t u d e ) .  F i g u r e  4 shows t h e  broadband  noise 
spectra  having the spectrum shape corresponding to  the 
40-noy curve, extending from 100 t o  6,000 Hz. 
In  Tes t  Ser ies  1 1 - A ,  modulated t e s t  t o n e s  were  used as 
wel l  as unmodulated t e s t  t o n e s  a t  500 a.nd 2000 Hz. (See 
Table 11) . 
In  Tes t  Ser ies  11-B, t h e  t es t s  were conducted t o  
determine maximum and minimum no i s ines s  of  a two-tone 
complex a s  a function of frequency separation. The subjec ts  
cont ro l led  one  component that  could be var ied in  f requency.  
The o ther  component was f ixed  throughout   the  tes t .   (See 
Table 111) . 
Tes t  Se r i e s  11-C was a repeat of a por t ion  of Test 
Se r i e s  I ( s ing le  tones )  a t  10 dB lower levels.  
In  Tes t  Se r i e s  111, s e r i e s  of s i n g l e  and mult ip le  
tones  were  tes ted  aga in  in  conjunct ion  with t h e  broadband 
noise  s tandards used in  Test  Ser ies  I and 11. Table IV 
l i s t s  the var ious s t imulus condi t ions.  
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Test Repeats 
Cer t a in  pa i r s  o f  s t imu l i  appea red  in  more than one 
t e s t .  l?e can  therefore  obta in  informat ion  on  var iab i l i ty  
among the groups.   In   addi t ion,   in  Test Series 111, one 
set  of comparisons wt-th tones a t  2000 and 2500 Hz were 
repeated for a t o t a l  o f  10 t imes during the tests. Th i s  
allows us t o  a s s e s s  t h e  v a r i a b l e  of a group's judgments 
over time. 
Paired-Compartson Judgment Test Analyses 
For Tes t  Se r i e s  I, 1 1 - A  and 1 1 - C ,  sub jec t s  were 
asked t o  choose which of the two sound s t i m u l i  was t h e  
n o i s i e r  (or l oude r ) .   I n   t he   Tes t  Series 111, sub jec t s  
were asked t o  choose not only which o f  t h e  two sound s t i m u l i  
wa.s n o i s i e r  b u t  a l s o  t o  i n d i c a t e  t h e  degree o f  assurance 
of t h e i r  judgment. Th i s  was accomplished by using a s ix -  
po in t  s ca l e  a s  desc r ibed  in  the  in s t ruc t ions  fo?  Test I11 
i n  Appendix A .  I n  our ana.lysis,  however, r e s u l t s  from 
Tes t  Ser ies  I, 1 1 - A ,  a.nd I11 were  t r ea t ed  s imi l a r ly  a.nd we 
d i d  not use more de t a i l ed  in fo rma t ion  in i t i a l ly  ob ta ined  in  
Tes t  Ser ies  111. 
The subjects responses recorded on t h e  IBM cards were 
en tered  in to  a digita.1 computer for s o r t i n g  and ana lys i s .  
A computer-generated display of  typical  resul ts  for a Se r i e s  
I t e s t  a r e  shown in  F ig .  5. The s t anda rd  in  t h i s  case  was 
a. broa.dband " j e t "  noise;  the comparison, the same ' ' j e t "  
spec t ra  p lus  a 4000 Hz tone.  The dashed l i n e  r e p r e s e n t s  
a v i s u a l  b e s t  f i t  c u r v e  f o r  t h e  results obtained when the  
standard  st imulus was presented f i r s t .  Similarly., t h e  
so l id  l i ne  r ep resen t s  t he  r e su l t s  ob ta ined  when t h e  
comparison s t i m u l u s  was presented f i r s t .  We considered 
t h a t  t h e  two sounds were equally noisy or acceptable  (or 
louder depending upon the t e s t )  when 50% of  the  subjec ts  
stated t h a t  one sound was n o i s i e r  (or louder )  than  the  o ther .  
The d i f f e rence  In levels  between the two curves a t  t h e  
50% poin t  as shown i n  F i g .  5 i l l u s t r a t e s  t h e  e f f e c t  o f  t h e  
order   of   presentat ion.  This  difference  (sometimes  referred 
t o  as the  " t ime  e r ro r " )  shown on t h e  f i g u r e  a s  6dB i s  
t y p i c a l  of  a l l  t h e  tes t  sessions.  Since we d e s i r e  t h e  l e v e l  
of e q u a l i t y  t o  be independent of the  order  of  p resenta t ion  
of t h e  s t i m u l i ,  we averaged the two l e v e l s  a t  t h e  50$ point  
obtained from t h e  two orders  of  presentat ion.  
For t h e  d a t a  shown in  F ig .  5, t h i s  averaged 50% l e v e l  
i s  -12 dB below t h e  maximum l e v e l  of the comparison s t i m u l u s .  
The 50% l e v e l s  f o r  all o the r  judgment data are tabula . ted  in  
Appendix D i n  terms of dB re  the  maximum level of comparison 
p resen ted  to  the  sub jec t .  
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Another method used t o  determine the 50$ poin t  
was by p l o t t i n g  the r e s u l t s  shown in  F ig .  5 on p r o b a b i l i t y  
paper and using a s t r a i g h t l i n e  r e g r e s s i o n  l i n e  f i t t e d  t o  the 
d a t a  t o  o b t a i n  t h e  50% point .  As noted in Pearsons (ref. 7) 
the  average  d i f fe rence  in  techniques  i s  expected t o  be q u i t e  
small i n  comparison with other sources by v a r i a b i l i t y .  
DESCRIPTION OF TEST RESULTS 
Single  Tones 
Noisiness Versus Loudness Comparisons 
I n  Tes t  Se r i e s  I, it w i l l  be r eca l l ed ,  t he  sub jec t s  
were asked t o  compare s t i m u l i  conta . ining s ingle  pure tones 
a.lone o r  these pure tones added t o  var ious noise  spectra .  
Twenty s u b j e c t s  ( i n  Group L)  were given loudness instruc- 
t i o n s  f o r  the major  port ion of t h e  test, t hen  accep tab i l i t y  
i n s t r u c t i o n s  f o r  a  minor,  secondary t e s t .  The remaining 
twenty   subjec ts   ( in  Group A were g i v e n   i n s t r u c t i o n s   i n  
the  reverse   order .   Figures  , 7, and 8 show some of t h e  
r e s u l t s  f rom these  t e s t s .  In  these  and succeeding figures,  
va lues  a re  shown i n  terms of the comparison level re t h e  
s tandard  level .  Thus, f o r  judgments of equal no i s ines s  
( accep tab i l i t y )  o r  equal loudness, i f  the comparison as 
ca lcu la ted  is l e s s  than the s tandard,  it w i l l  be p lo t t ed  
as  a negative value.  If the calculated comparison value 
i s  t h e  same as t h e  s t a n d a r d  value, it w i l l  be p l o t t e d  a s  
zero  in  the  graphs .  The l e v e l  i n  F i g s .  6 through 8, t h e  
b a s i s  of  comparison, is the  perce ived  noise  leve l  ca lcu-  
l a t ed  from one t h i r d  octave band spectra  ( for  both compari-  
son and standard s t i m u l i ) .  'Figure 6 shows t h e  r e s u l t s  f o r  
both loudness and no i s ines s  in s t ruc t ion  when the compari- 
son i s  a s ingle  pure tone added t o  a broadband noy and j e t  
no ise  spec t ra .  The stz.ndard is the noise  spectra  without  
' t h e  tone.  Figure 7 shows similar r e s u l t s  i n  which various 
single tones were compared t o  a  broadband  noise.  Figure 8 
shows t h e  r e s u l t s  for t h e  t e s t  i n  which octave bands of 
noise were used as standards.  In t h i s  l a t t e r  t e s t ,  It should 
be noted that  the s tandard octave band of noise  was 
se lec ted  to  have  the  same center  f requency a6 t h e  d i s c r e t e  
tone used as the comparison. 
One w i l l  no te ,  par t icu lar ly  F igs .  6 and 7, a displace-  
ment between the loudness  and noisiness judgments indicat- 
i n g  t h a t  t h e  s u b j e c t s  made a d i s t i n c t i o n  between t h e  two 
s e t s  of i n s t ruc t ions .  In  F ig .  6 f o r  example, we see  when 
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loudness i s  judged ,  tha t  equal i ty  is reached when t h e  
ca. lculated perceived noise  level  of  t h e  comparison i s  
approximately t ha t  of the  s tandard.  The single   except ion 
i s  the  d a t a  a t  4-000 iIz. However, when s u b j e c t s  were  asked 
t o  judge on a bas i s  o f  accep tab i l i t y ,  t h e  comparison level 
i n  PNdB was general ly  considerably less t han  'ilie standard 
l e v e l  i n d i c a t i n g  a need %or a. tone correct ion.  The d i f f e r -  
ences  a re  pa r t . i cu l a r ly  no ted  in  F igs .  6 and 7 b u t  a r e  l e s s  
evident  in  Fig.  8 i n  which octave bands of noise were used 
as standards.  Even here,  however,  there i s  l i t t l e  o v e r l a p  
between loudness and noisiness judgments indicat,ing quite 
cons i s t en t  d i f f e rence  in  the  bas i s  o f  sub jec t ' s  j udgmen t s .  
The difference between t h e  r e s u l t s  o f  the  loudness and 
noisiness  judgments a r e  ind ica ted   in   F ig .  9 .  F o r  tones 
i n  broadband noise, the difference between loudness and 
nois iness  increases  with frequency while  the reverse  i s  
t r u e  for the  tones  in  oc tave  ba.nds o f  noise.  Magnitudes 
o f  t he  median differences range from 2 - 8 dB f o r  the  tones  
i n  broadband noise and 2 - 5 dB for the  tones  in  oc tave  
noise.   Deta.i led  analysls of th i s  da t a  ind fca t e  tha t  t hose  
individual  points  showing the greatest  differences are  f rom 
t h e  responses of those groups under the second set  of 
ins t ruc t ions .   This   sugges ts  t h a t  experience wi th  bo th  se t s  
of  ins t ruc t ions  ( loudness  and nois iness)  accentuates  any 
inherent  difference between the two s e t s  o f  i n s t ruc t ions .  
Consistency Over Tests  
The t e s t s  whose r e s u l t s  a.re shown i n  Fig. 8 a r e  
comparisons of the noisiness o r  loudness o f  pure tones 
superimposed upon an octave ba.nd of no ise  compared wi th  t h a t  
octave band of noise   a lone.  However, s ince  the  tone-to-  
octave-band-noise  ra t io  was about 25 dB, t he  tone  w i l l  su re ly  
dominate and one would expect l i t t l e  d i f f e r e n c e s  between 
t h e  r e s u l t s  of t h e  t es t s  employing the  tone  p lus  noise  and 
the  tone  a lone .  Therefore ,  the  resu l t s  us ing  t h e  tone 
alone and tone, plus a n  octave band of noise were analyzed 
from s e v e r a l  d i f f e r e n t  t e s t s  and p l o t t e d  i n  Fig. 10. The 
s m a l l  s c a t t e r  of the  resu l t s  of  the  var ious  exper iments  
conf i rms  the  idea  tha t  the  tone  i s  t h e  c o n t r o l l i n g  f a c t o r  
i n  t h e  t o n e  plus octave band of  noise  combination. The 
f igu re  also indicat.es good agreement i n  the responses  among 
the  various  groups a.nd t e s t  s e r i e s .  A simi1a.r  comparison 
o v e r  t e s t  se r ies  f o r  broadband noise s t i m u l i  i s  shown i n  
.Fig. 11. (Again, s o m  of  these   da ta  was p re sen ted   i n   t he  
previous sect ion and i s  repeated here for comparison of  t h e  
r e su l t s  o f  the  d i f f e r e n t  t e s t  s e r i e s . )  I n  t h e  A por t ion  
of Fig. 11, the  r e s u l t s  of  t h e  two s e r i e s  a r e  q u i t e  
repeatable  wi th  the  grea tes t  d i f fe rence  be ing  only  3 dB 
a t  2000 Hz. 
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I n  t h e  B por t ion  of Fig. 11, the r e s u l t s  of Se r i e s  I, 
I I - A  and II-C i n d i c a t e  f a i r l y  good agreement except for 
the d iscrepancy  in  Ser ies  I a t  500 Hz. However, the  
results of Test Series 111, in which subjects judged 
multiple pure tones as well as s ing le  tones ,  show a large 
d i f f e rence  a t  frequencies  above 500 Hz. Possible  reasons 
f o r  t h i s  d i f f e rence  w i l l  be d iscussed  in  t h e  following 
sec t ion .  
Let us now re-examine the comparison of  pure tones 
with octave bands of noise as shown in  F ig .  10, where 
q u i t e  c o n s i s t e n t  r e s u l t s  were shown for t h e  f i v e  series 
of  t e s t s .  It was on the  b a s i s  of  tes ts  similar t o  these 
tha t  pure tone corrections were developed by Kryter and 
Pearsons (ref .  4) . Figure 12 shows a comparison  of t h e  
Kryter  Pearsons resul ts  and those data of Fig. 10 based 
on similar condi t ions  ( tone  in  oc tave  band of no i se ) .  
Because  Kryter  and  Pearsons  (ref. 4) o r i g i n a l l y  
plotted the comparison minus s tandard in  terms of  the 
o v e r a l l  sound p r e s s u r e  l e v e l  t h e  same s c a l e  i s  used i n  
Fig. 12 .  There is  q u i t e  a. large  discrepancy a t  f requencies  
above 500 Hz. Thus, i f  one  were t o  use  the  current  data.  
shown in  F ig .  12  t o  obtain pure tone correct ions,  one would 
est imate  correct ions f o r  pure tones at  f requencies  above 
500 Hz which a re  cons ide rab ly  l e s s  t han  those  p rev ious ly  
suggested by Kryter and Pearsons. On the  o the r  hand,. i f  
we use the data  obtained with pure  tones  in  broadbarid 
noise  ra ther  than  oc tave  band noise  and  work backwards t o  
determine how  much o f  a. co r rec t ion  would be .necessa ry  to  
add t o  t h e  band conta.ining the pure tone,  we a r r i v e  a t  
the  da ta  shown in  F ig .  13. T h i s  da t a  ag rees  qu i t e  c lose ly  
wi th  the or iginal  pure tone correct ions suggested by 
Kryter and Pearsons. 
Figure 14 shows the  judgment results previously 
shown in  F ig .  11, t h i s  time w i t h  pure tone correct ions.  
Two s e t s  of corrections have been used, those proposed 
by Kryter and Pearsoils (ref. 4) and those proposed by 
L i t t l e  ( r e f .  1). A t a b l e  o f  these cor rec t ions  is given 
i n  Appendix E. 
The cor rec t ion  proposed .by  e i ther  methods a re  somewhat 
s imilar  in  magnitude;  however, a s  was mentioned i n  t h e  
i n t r o d u c t i o n ,  t h e r e  i s ’ a  d i s t i n c t  d i f f e r e n c e  i n  - t h e  method 
of  applying the correct ion.  In  the Kryter-Peaxsons method, 
t h e  c o r r e c t i o n  i s  determined on t h e  basis of t he  frequency 
of  the pure tone and magnitude of the pure tone above the 
broadba.nd noise  and i s  appl ied as  an increment  in  SF% t o  
t h e  band con ta in ing  the  pu re  tone  p r io r  t o  ca l cu la t ion  of 
the perceived  noise leve l .  I n  t h e  L i t t l e  method, the 
co r rec t ion  i s  a l s o  determ5ned upon t h e  basis of frequency 
and tone- to-noise  ra t io  b u t  i s  a p p l i e d  a f t e r  t h e  c a l c u l a t i o n  
perceived noise  level .  
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The benef i t  der ived  from the pure tone cor rec t ions  
i s  apparent when Fig. li! and 11 are   cont ras ted ,   F igure  
14 employs the  tone  correct ion,   Fig.  11 does  not. As 
ind ica . ted  in  the  f igure ,  d i f fe rences  be tween the  two 
methods are no t  l a rge  f o r  t h e  s t i m u l i  tested.. 
Acceptability Judgments of  Modulated Tones 
Figures 15 and 16 show t h e  r e s u l t s  of the  t e s t s  with 
modulated  tones.  Comparison r e   s t anda rd   l eve l s   a r e   p lo t t ed  
f o r  several  different measures of t h e  ove ra l l  no i se  l eve l  
and perce ived  noise  leve l  w i t h  and without  tone correct ion.  
Separate PTgures a.re ahov7n f o r  t h e  t e s t  a t  500 Hz and a t  
2000 Hz. The results f o r  an  unmodulated tone  a re  p lo t t ed  
i n  t h e  c e n t e r  of  t he  f igu re ,  t he  r e su l t s  fo r  t he  ampl i t l rde  
modulated tones t o  t h e  l e f t  and frequency modulated tonee 
t o  t h e  r igh t .  Al though there  is  a tendency  for  the  curve  
t o  t r e n d  upward a s  t h e  e f f e c t i v e  ba.ndwidth of t h e  modula.ted 
tone is increased ,  the  range  of  d i f fe rences  for  the  va . r ious  
modulation i s  f a i r l y  sma.11. The one exception i s  t h e  tone 
which i s  amplitude modulated a t  5 Hz. I n  t h a t  case, l i s t e n -  
i n &  t e s t s  show t h a t  t h e r e  fs a d i s t inc t  sub jec t ive  impress ion  
of bea t s  o r  l a r g e  i r r e g u l a r i t y  i n  t h e  t o n e  i n  t h e  s i g n a l  
q u d i t y  t ha t  i s  absent from the other modulated tones.  
Table V l i s t s  t h e  mean va.ltre of comparison re st.andard 
f o r  the  modulated  tones.   Several  methods o f  measuring t h e  
standard and comparison  are   l is ted.  The smaller  mean 
values ,  associated with the  calculat ion employing the 
tone  co r rec t ion ,  i nd ica t e s  t he  va l id i ty  of  t!?is procedure. 
The s tzndard deviat ions of  a l l  measure,  except f o r  dBA, a r e  
about. t h e  same and i n d l c a t e  t h a t  s c a t t e r  i n  t h e  c a l c u l a t e d  
value provides l i t t l e  b a a i s  f o r  a choice among measures. 
Dcuble Tones 
This  t e s t  was conducted t o  determine the maximum and 
minimum nois iness  of a two-tone complex a s  a func t ion  of 
f requency  separat ion.  The subjec t   cont ro l led   the   range  of 
the highel- of t h e  two f r equenc ie s  in  t h e  two-tone complex 
acco rd in   t o   t he   i n s t ruc t ions   g iven  i n  Appendix A .  Figures 
17 and 1 8 shows t h e  r e s u l t s  of  t h e s e  t e s t s .  
The frequency ra.nge f o r  the comparison tone was 
divided into ten equal  percentage bandwidths  f o r  ana lys t s  
purposes. The f i g u r e s  show the  number o f  responses i n  each 
of the ten bandwidths versus the ratio of  the comparison tone 
to  the  s t anda rd  tone .  The r e s u l t s  a r e  shown f o r  b o t h  the 
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maximwn and minimum noisiness  judgments. The graphs 
i n d i c a t e  t h a t  the least noisy judgments  ( r ight  s ide 
Fig .  17) were much more cons i s t en t  t!lan t h e  most noisy 
judgments ( l e f t  s i d e  6'ig. 17). The least   noisy  judgments  
seem t o  c l u s t e r  n e e r e s t  the standard  frequency. The 
subject  could only adjust  the comparison,frequency in t h e  
range  indicated  in   each  panel   of  Fig. 17. This  r e s t r i c t i o n  
undoubtly  influenced  tne rssults. As the  frequcnc3es 
become very close,  beats  occur  which, i n  gene ra l ,  would 
increase  the  no i s ines s  of  t.he pair  of sounds.as suggested 
by t h e  r e s u l t s  of t h e  t e s t s  j u s t  described on modulated 
tones.  
The r e s u l t s  f o r  t h e  most noisy judgments were not as 
cons i s t en t  as the lea.st l?oisy judgments vhich would indica.te 
tha t  the  grea tes t  no is iness  for  two- tones  over  the  range 
tested. i s  prac t ica l ly   independent  of frequency.  There was 
a tendency, however, t o  place the frequency of  the second 
tone 2.t t h e  maximum freqlzency difference between the two 
tones.  T h i s  i s  a l s o  ind ica t ed  fo r  the  case  when t h e  
comparison  tone  range vla.8 extended  (Fig. 18). Tlere, t h e  
maximum nois iness  also occurred near the maximum d i f f e rence  
between  the  tones.   Unfortunately t h i s  r e s u l t  might a l s o  
be caused by the increaeed noisiness of the comparison tone 
i t s e l f  s i n c e  it was a d j u s t e d  t o  a f requency region associated 
w i t h  t h e  maximum s e n s i t i v i t y  o f  t h e  ear .  
It was o r i g i n a l l y  hoped t h a t  t h e  r e s u l t s  o f  t h i s  t e s t  
would provide spec-ific frequency pairs,  however, s ince  no 
par t icu lar  f requency  m t i o  stood out as being much n o i s i e r  
than  o thers ,  it was decided t o  conduct the judgment t es t s  
on multiple toiles usin? 8 vide range (one-tenth of a. octave 
t o  two octaves)  o f  f requency differences.  
Multiple Tones 
Figure 13 shows t h e  r e s u l t s  o f  t h e  t e s t s  w i t h  mul t ip le  
tones.  Comparison r e   s t anda rd   l eve l s   a r e   p lo t t ed  for 
perce ived  noise  leve l  w i t h  and without the Lone cor rec t ions .  
The r e s u l t s  f o r  a s i n g l e  t o n e  a r e  p l o t t e d  i n  t h e  c e n t e r  of  
t h e  f i g u r e ;  t h e  r e s u l t s  f o r  t he  five-tone complexes are 
p l o t t e d  t o  t h e  r i g h t  and the two-tone complexes a.re plotted 
t o  t h e  l e f t .  As indicated by the differences in  perceived 
noise  leve l ,  mul t ip le  tones  t e n d  t o  be somewhat n o i s i e r  
than do  single tones,  altl?oug;h the  d i f fe rences  appear  
r a the r  sma l l  ( on the  order  of  1 - 5 PNdB). Also, t h e  
f i v e  t o n e s  t e n d  t o  be as  noisy o r  no i s i e r  t han  the  two- 
tone complex  by  about 1 - 2 PNdB. I n  l o o k i n g  a t  t h e  r e s u l t s  
f o r  the harmonically rela. ted tones,  those with one and two- 
octave spacings,  there  appears  to  be l i t t l e  d i f f e r e n c e  when 
compared to  the  non-harmonica l ly  re la ted  tones ,  those  wi th  
spacings of 1/10, 1/3 and 4/3 octaves.  
11 
If we now look  a t  t he  r e su l t s  ob ta ined  us ing  ca l cu la t ed  
perceived noise  levels  w i th  two types of pure  tone  cor rec t ions ,  
we f i n d  that ,  i n  genera.1,  the resul ts  with the Kryter-Pearsons 
pu re  tone  co r rec t ions  ag ree  qu i t e  c lose ly  wi th  those obtained 
us ing  the  L i t t l e  t one  co r rec t ion .  Both  methods  tend t o  
o v e r c o r r e c t  f o r  t h e  e f f e c t  of t h e  pure  tone.  Th i s  over- 
c o r r e c t i o n  a p p e a r s  t o  be g r e a t e r  f o r  t h e  h i g h e r  f r e q u e n c i e s .  
T h i s  might be expected, however, i f  we re-examine the resul ts  
shown i n  Figs .  11 and 14- which ind ica t e  the  resul ts  of 
Test  111 a.re not in agreement w i t h  t hose  o f  t he  o the r  t e s t  
se r ies ,   par t icu lar1y .a- t   the   h igher   f requencies .  We be l ieve  
tha t  people  were judging something closer  to  loudness  ra ther  
than  nois iness  for t h i s  s e r i e s  of t e s t s .  This  w i l l  be 
d i scussed  fu r the r  i n  the  nex t  s ec t ion .  
Figure 20 shows the  e f f ec t s  o f  add ing  more tones t o  
t h e  complexes t e s t e d .  Using the  fundamental  frequency  and 
separation of 250 Hz, a. p l o t  of t h e  r e s u l t s  f o r  1, 2, 5 and 
16  tones i s  indicated.  The curves  without   the  tone  correct ion 
f a l l  a.s more tones are added, indicating tha.-L nois iness  
increases  as t h e  number of  tones increases .  If we  now look  
a t  t h e  resu l t s  ob ta ined  us ing  the  pure  tone  cor rec t ions ,  the  
curves  tend t o  f l a t t e n  o u t .  The tone  adjustments  overcorrect 
t h e  PNL's, a def ic iency  we a g a i n  a . t t r i b u t e  t o  t h e  i n s t r u c t i o n  
se t .  In  any  event ,  t h e  ove rco r rec t ion  fo r  t h e  16-tone  case 
i s  not as g r e a t  i n  magnitude as the underestimation without 
any tone correct ion.  
A f i n a l  p o i n t  should  be  considered. The L i t t l e  c o r r e c t i o n  
a d j u s t s  f o r  only a s ingle  pure tone.  This f ac t  sugges t s  t ha t  
complex tones can be predicted by consider ing t h e  s i n g l e  
most noisy  tone.  Th i s  conclusion is, of course,  ba.sed on a 
complex wi th  re la t ively broad frequency spacing.  
DISPERSION OF TEST RESULTS 
To provide some idea of t h e  consistency of t h e  group 
samples of a two-tone sample was repea ted  ten  t imes  in  
Test Se r i e s  111. The comparison  sound f o r  t h i s  t . e s t  s e r i e s  
consis ted of 2000 Hz and 2500 Hz tones ernersed i n  a broad- 
band j e t  noise.  The standard  noise was 8 broadband j e t  
noise  without  tones. The s tandard deviat ion of t h e s e  t e n  
repea ts  was 1.3 dB. 
Since each subject gave ten judgments,  we may compare 
the even and odd numbered judgments and determine t h e  
v a r i a b i l i t y  w i t h i n  a s ing le  sub jec t  over time. The average 
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variance was 4.9 (s tandard deviat ion 2.2 based on f i v e  
judgments.) We can also compare the even numbered sub jec t s  
w i t h  t h e  odd numbered subjec ts  and determine the v a r i a b i l i t y  
within the groupo This  spi i l -halves  var iable  based on 10 ' 
subjec ts  in  each  group t:a.s 1.9 dB. Thus, t h e  v a r i a b i l i t y  
wi th in  and  between  subjectc i s  about   the same. 
DISCUSSION 
Most o f  t h e  r e s u l t s  show good agreement with previous 
data.. The tone  cor rec t ions  of L i t t l e  and Kryter  and Pearsons 
co r re l a t e  h igh ly  and provide considerable improvements for 
the  perce ived  noise  ca lcu la t icn .  However., two genera l  a reas  
of d i f f i c u l t y  remain. 
F i r s t  t h e r e  is the  problem of in s t ruc t ion .  A s  we 
showed e a r l i e r ,  t h e r e  i s  a c l e a r  d i f f e r e n c e  between the  
resu l t s  ob ta ined  w i t h  no is iness  and loudness (see Fig.  9 ) .  
The problem i s  t h a t  it i s  d i f f i c u l t  t o  d e t e r m i n e ,  o t h e r  t h a n  
t o  examine t h e  f i n a l  d a t a ,  which i n t e r p r e t a t i o n  o f  t h e  
i n s t r u c t i o n  was used  by the  sub jec t .  We b e l i e v e  t h a t  a l l  
of  the data  of  Test  I11 was heavily influenced by t h e  
subjects  using a ioudness  in t e rp re t a t ion  du r ing  the  t e s t  
sessioil.   This was qui te   apparent   in   Tes t  111, as   ind ica ted  
In Fig. l l - B .  It has been  suggested  that   the  more complicated 
task required of  the subject  in  Test  Session I11 i s  responsible  
f o r  h i s  mis- interpretat iol l  of the  instruct ions.   During th i s  
sess ion  he  had to determine not only which of the two sounds 
was n o i s i e r ,  b u t  s t a t e  whe the r  he  f e l t  it was s l i g h t l y  n o i s i e r ,  
somewhat n o i s i e r  or g r e a t l y  n o i s i e r  t h a n  t h e . o t h e r  sound. 
This  por t ion  of t h e  ta.sk was, t h u s ,  more d i f f i c u l t ,  and he 
ma.y have reverteci t o  t h e  somewhat simpler judgment, i . e o  
t h a t  o f  lsudness.  
Another  re la ted explanat ion i s  tha. t  when we use the  
term nois iness ,  we imply  severa l  o ther  ad jec t ives  inc luding  
o b j e c t i o n a b i l i t y  and  unwantedness, as  mentioned i n  the f i r s t  
pa& of t h e  i n s t r u c t i o n .  However, i n  t h e  Tes t  Se r i e s  111, 
t h e  word n o i s i e r  wa.s used a g r e a t  d e a l  i n  t h e  l a t e r  p a r t  of 
the  ins t ruc t ions  under  the  assumpt ion  tha t  people  comple te ly  
understood the 1a.rger equivalence implied by t h i s  word. 
The repeated use o f  -the term noisiness, without f u r t h e r  
d e f i n i t i o n ,  as  it a p p e a r s  i n  t h e  l a t e r  par t  of t h e  i n s t r u c t i o n  
and the complication of f u r t h e r  i n s t r u c t i o n  may have lead 
peop le   t o   r e - in t e rp re t   no i s ines s  as simply  loudness. It 
i s  i n t e r e s t i n g  t o  no te  tha t  i n  a r e c e n t  t e s t ,  where subjects 
were  asked to  deve lop  ca tegory  sca les ,  (ref. 8),  f o r  
loudness, people used the words noisy and loud almost 
synonomously. This would ind ica t e  t h a t ,  unless  well   defined, 
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people w i l l  use in genera l ,  the  two  words interchangeably. 
It is  planned t h a t  TE will r e - r u n  t h e s e  t e s t s  (Test 111) 
i n  t h e  n e a r  f u t u r e  t o  r e s o l v e  t h i s  dilema if p3ss ib l e . a  
A second area gf d i f f i c u l t y  i s ' t h e  inconsistency of 
t he  r e su l t s  ob ta ined  when the tone i s  added t o  a narrow 
band spectrum.  Figure 9 and 12 summarizes t h i s  problem. 
Again we f e e l  t h a t  t h e  problem may be how the subjec ts  
i n t e r p r e t e d   t h e   i n s t   r u e  t ions.  
Poss ib ly  the  subjec ts  tend  to  rever t  to  loudness  
judgments when asked t o  j u d g e  octave bands of noise which 
a r e  norma.lly  not found ineveryday l i f e .  However, t h i s  seems 
h lghly  unl ike ly  s ince  cgns5s ten t  results were obtained 
using more than one group o f  subjec ts .  Poss ib ly  the  d i f fe rence  
l i e s  i n  t h e  method of presenta t ion  s ince  the e a r l i e r  t e s t s  
used p r i c i p a l l y  ear phones while t h e   l a t t e r   t e s t s  used 
e n t i r e l y  free f i e l d  p resenta t ion  in  an  anechoic  chamber. 
However, t h e  e a r l i e r  t e s t s  d i d  provide some checks using 
f r e e  f i e l d  techniques and no la rge  d i f fe rences  were  not iced  
a.t. t h a t  time. Even though no reason can be found for  the 
l a c k  of agreement, i t  a.ppears somewhat academic a t  t h i s  
po in t  s ince  the  cor rec t ions  do appear t o  work f o r  t h e  tones 
i n  broadband noise which are more r ep resen ta t ive  of those 
noises  which one might encounter under real-life conditions. 
CONCLUSIOT\TS 
The following conclusions may be drawn a.s a r e s u l t  
of t h e  t e s t s  d e s c r i b e d  i n  t h i s  repor t .  
1. Modulated  toiles show no g r e a t  d i f f e r e n c e  i n  
judged noisiness compared t o  unmodulated tones 
although there i s  a s l i gh t  dec rease  in  no i s ines s  
wi th  i n c r e a s e  i n  r a t e  of modulation. Elowever, 
it appears  f rom the tes t  tha t  as  the modulat ion 
r a t e  becomes q u i t e  small, beats occur which do 
not iceably  increase  t!le judged noisiness. 
2. For mult ip le   tone  complexes p l u s  no ise ,   there  
appea r s  t o  be no difference between harmonically 
r e l a t e d  and non-harmonically related pure tones.  
3. The nois iness  i s  g r e a t e r  f o r  mul t ip le  tones  than  
for s ing le  tones and it Increases s lLgh t ly (1 -5  dB) 
w i t h  t h e  number o f  tones. However, present   tone 
* The r e s u l t s  of  the  re - run  of Test I11 a re  r epor t ed  in  
Appendix F. 
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correct ion procedures  seem t o  a c c o u n t  f o r  b o t h  
t h e  s i n g l e  and t h e  mult iple  tones.  The p o s s i b i l i t y  
t h a t  t h e  s u b j e c t s  may have made t h e i r  Judgments 
D a r t i a l l y  on t h e  b a s i s  of loudness during the  
h u l t i p l e  t o n e  t e s t s  may have had some inf luence 
on these resu l t s .*  
4. There i s  a cons is ten t  d i f fe rence  ranging  from 
2 - 8 dB between the  resul ts  obtained using t h e  
loudness  instruct ions and those obtained using 
the  nois iness  or a c c e p t a b i l i t y  i n s t r u c t i o n s .  
For  example, i f  a t o n e  i n  n o i s e  i s  judged 
equally loud t o  a no i se  a lone  then  the  tone  in  
noise  must be reduced i n  l e v e l  t o  be judged equal ly  
no i sy .  These  d i f f e rences  a re  g rea t e r  fo r  the 
pure tone p l u s  broadband noise than f o r  the pure 
tones plus octave bands of noise .  
5. There  appea.rs t o  be  no d i f f e r e n c e  i n  t h e  r e s u l t s  
using t h e  two d i f f e ren t  shapes  of broadband noise; 
although, as mentioned  above, there i s  a d i f f e rence  
as the bandwidth narrows t o  an octa.ve band of noise. 
60 The pure tone correct ions obtained using pure tones 
i n  broadband noise agree with previous resul ts ;  
however, those obtained using octave bands of  noise  
d o  not .  
7. The maximum correc t ion  necessary  for t he  a d d i t i o n a l  
noisiness of a pure tone seems t o  oc,cur a t  a 
tone- to-noise  ra t io  of 25 dB as measured i n  a 
one-third  octave  band,  Comparisons  between  tones a t  
t h i s  t one - to -no i se  r a t io  and tones without noise 
present  a r e  qu i t e  s imi l a r .  
* See Appendix F 
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TABLE I -- TEST SERIES I STIMULI - 
SIVGLE TONE COMPARISONS 
STANDARD 
Octave Ba nd 
Broadband "Je t"  Noise 
Broadband "Noy" Noise 
Broadband "Je t"  Noise 
Octave Band 
T COMPARISON Pure Tone Plus Noise 
Frequency (Hz ) 
250,500 1000, 
2000,~000 
I I  
II 
t i  
I I  
Noise 
Octave Band Centered 
s t  Tone Frequency 
Broadband J e t  I' 
Noise1 
1 
"Nay" Noise' 
No Noise 
No Noise 
1 I 
Total  
No. of 
Samples 
5 
5 
5 
5 
5 
1 - Tone t o  n o i s e  r a t i o  was 25 d B  as measured i n  l/3 octave bands. 
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ltandard - 
:ompa ison 
bise  f 
J e t  
J e t  
lctave Band 
t t  2000 Hz 
TABLE I1 -- TEST SERIES 11 - A  S T I M U L I  - MODULATED 
TONE COMPARISONS (Continued ) 
AMPLITUDE MODULATION 
Carrier 
Frequency 
Hz 
2000 
2000 
Amplitude 
Modulation 
100% 
100% 
100% 
Mod ula t ion 
Rate, Hz 
0 
5 
25 
100 
300 
25 
No. of Discrete 
Frequency 
Components 
3 
Effect ive 
Bandwidth 
Hz 
1 
10 
50 
200 
600 
1 
10 
50 
200 
600 
50 
TABLE I1 -- TEST SERIES 1 1 - A  STIMULI - MODULATED 
TONE COMPARISONS (Concluded) 
FREQUENCY MODULATION 
Standard - 
Comparison 
Noisel 
Jet 
I Octave Band a t  500 Hz 
L 
Carrier  
Frequency 
Hz 
2000 
Frequency 
Deviation 
2 2.5$ 
f 5  
2 16 
- 28 -I- 
- 5  + 
2 2.5% + - 2.5 
+ 8  
Modulation 
Rate, Hz 
5 
25 
100 
300 
25 
5 
25 
100 
Modulation No. of 
Index Discrete 
Frequency 
Component 8 
5 6 
2 5 
1.6 3 
0.9 3 
2 l 5  
1 - Tone t o  noise r a t i o  of comparison s t imul i  was 25 dB f o r  unmodulated 
2 - For lOO$ modulation, the l eve ls  o r  sideband components are  6 dB less 
3 - Approximate values  for  a l l  components within 15 dB of maximum 
tone, as  measured i n  l/3 octave bands. 
than carrier components. 
component. 
Effective 
Bandwidth, 
Hz 3 
30 
50 
200 
600 
50 
120 
150 
400 
TABLE I11 -- TEST SERIES I1 - B  'STIMULI - 
TWO TONE COMPARISONS 
requency of F i r s t  Tone F-requency Range of Second Tone 
500 Hz 
1000 Hz 
2000 Hz 
4000 Hz 
1000 Hz 
525 - 950 Hz 
1050 - 1900 HZ 
2100 - 3800 Hz 
4200 - 7600 Hz 
1050 - 3000 HZ 
NOTE: Subject  adjusted  frequency of second  tone f o r  
ma-ximum and minimum nois iness  of the combination 
keeping  leve l  cons tan t .  
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TABLE N -- TEST SERIES I11 STIMULI - 
MULTIPLE TONE COMPARISONS 
ltandard A Frequency m x r m  SPACING OF TONES IN OCTAVES 
:ompa.ris n Hz2 - 
Noise Two Tones Five Tones P 
Je t  250 1/10, 1/39 1, 4/39 2 1/10, 1/35 1, 4/39 2 
500 
1000 
2000 
4000 
11 
I1 
I1 
11 
11 
II 
I I  
250 16 tones,  250 Hz spacing  between  tones 
25004 1/6 (x?$) 
I 25005 1 
1 - Tone- to-noise  ra t io  of comparison stimuli  was 25 dB f o r  a l l  
2 - Frequency  l i s ted  i s  t h a t  of the lowest frequency component. 
3 - Four tones,  w i t h  highest frequency component a t  11, 310 Hz. 
4 - Tone-to-noise  ra t io  of comparison s t i m u l i  was 5 dB measured 
5 - Tone-to-noise  ra t io  o f  comparison stimuli was 5 d B  a t  2500 Hz 
tones measured in l/3 octave bands except as noted. 
i n  l/3 octave bands. 
and -5 dB a t  5000 Hz measured i n  l/3 octave bands. 
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TABLE V -- RESULTS WITH MODULATED TONE 
Ent r i e s  are Comparison re  Standard for Modulated 
Tone as shown i n  F i g u r e  15 and 16 
Modulated 
Frequency 
500 Hz 
2000 Hz 
S t a t i s t i c  
Mean 
Standard 
Devia.t ion 
Mean 
Standard 
Deviation 
OAS PL 
-3.3 
2.2 
-13.1 
2.6 
- 
PNL 
- 
m4.7 
2.1 
m7.9 
2.6 
Tone I A- 
K+P* 
1.7 
2.1 
-0.1 
3.2 - 
" 
" 
L 
____I 
* Perceived  noise   level  plus Kryter-Pearsons  pure-tone 
co r rec t ion .  
** Perce ived  noise  leve l  p lus  L i t t l e  pure- tone correct ion.  
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NOISE ( C O M P A R I S O N )   J U D G E D   E Q U A L  TO B R O A D B A N D   J E T  NOISE ( S T A N D A R D )  
MOST NOISY 
Std = 500 Hz 
COKQ = 525 - 950 Hz 
lo[ 5 
0 
lor 
I Std = 1000 Hz Comp = 1050 - 1900 Hz 5 ~ n  
L 
0 
Std = Zoo0 Hz 
Comp = 21 W - 3800 Hz 
5 
0 ldL!xL 
15 
10 
Std = 4W0 Hz 
COW = 4200 - 7600 HZ 
- 
5 -  
- - 
0 
f2 Ifl 
T J  
1 1.5 2.0 
15 
10 
5 
0 
10 
5 
0 
10 
5 
0 
15 
10 
5 
0 
LEAST NOISY 
Std = loo0  Hz 
- 
Camp = 2100 - 3800 Hz Std = Zoo0 Hz 
1 
I Std = 4WO Hz Comp = 4200 - 76W Hz 
1.5  2.0 
f2 I fl 
F I G U R E  17. F R E Q U E N C Y   O F   C O M P A R I S O N   T O N E   F O R   E L A T I V E  
N O I S I N E S S   O F  A T W O - T O N E   C O M P L E X   W I T H  L E S S  T H A N   O N E  
O C T A V E   S E P A R A T I O N   B E T W E E N   T O N E S  
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10 
5 
0 
n 
31 
C 
8 al 
& 
0 
0 
D 
- 20 
L 
E 
Z 
15 
10 
5 
0 
MOST NOISY 
Std = loo0 Hz 
Cornp = 1050 - 3000 Hz 
f2’fl 
LEAST NOISY 
Std = 1000 Hz 
Comp = 1050 - 3000 HZ 
I 
1.5 2 2.5 3 
L-I 1 1 1  1 1 1  
F I G U R E  18. F R E Q U E N C Y   O F   C O M P A R I S O N  TONE FOR R E L A T I V E  
NOISINESS OF T W O - T O N E   C O M P L E X   W I T H   G R E A T E R   T H A N  
ONE O C T A V E   S E P A R A T I O N  
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M U L l I P l E  1 0 I l E S  I N  N O I S E  BROADBAND  JET N O I S E  I C O M P A R I S O N S )  
F I C U I F  I C  l U D G M i N l S  OF E O U A L  I 2 l S l N E S S  - S I N G L E  r \ N D  
J U D G E D  E O U A L  10 B R O A D B A N D  JET NO181 I S T A I N D A P D I  
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15 
10 
5 
0 
-5 
-1  0 
-1 5 
-20 
Fundamental  Frequency = 250 Hz 
No. of Tones Frequencies 
1 250 
2 250, 1000 
5 250, 353, 500, 700, lo00 
16 250 to 4OOO @ 250 Hz Increments 
” OASPL 
- -. -. -.- 0 P N L  -. 
0 PNL with Kryter & Pearsons 
0 PNL with Little Tone Correction 
Tone Correction 
””” 
1 2 5 16 
No. of Tones 
F I G U R E  2 0 .  J U D G M E N T S   O F   E Q U A L  NOISINESS - M U L T I P L E   T O N E S  
W I T H  2 5 0  H z  F U N D A M E N T A L   I N  NOISE ( C O M P A R I S O N )   J U D G E D  
E Q U A L   T O   B R O A D B A N D   J E T  NOISE 
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APPENDIX A 
INSTRUCTIONS FOR TESTS 
[ INSTRUCTIONS FOR TEST I 3 
JUDGMENTS OF LOUDNESS 
The purpose of these t es t s  i s  t o  determine t h e  
relat ive  loudness   of   dif ferent   sounds.  The tes t s  a r e  p a r t  
of a program of research designed to  ob ta in  in fo rma t ion  
that w i l l  be of a i d  i n  p l ann ing  mi l i t a ry  and c i v i l i a n   a l r -  
po r t s  and fo r  no i se  con t ro l  pu rposes  in  gene ra l .  
On the following recording you w i l l  hear a dound 
followed  immediately by a second  sound. Your job I s  t o  
punch a h o l e  i n  Column 1 or 2 corresponding t o  the  sound 
( t h e  f irst  or second)  which you f e e l  i s  louder .  In  o ther  
words,  pick the sound of g r e a t e r  volume or i n t e n s i t y .  
Please make a judgment f o r  e a c h  p a i r  of sounds, even 
though you f e e l  you may be guessing. 
You  may t h i n k  t h a t  n e i t h e r  of t he  two sounds is p a r t i -  
cu la r ly  loud  or that  both are very  loud. ??e only want 
you to  judge 'which  of t h e  two sounds is louder.  
Please record your answers according t o  how the  sounds 
a f f e c t  you -- there a r e  no r i g h t  or wrong answers, and 
it i s  important tha t  we f ind  out  how peop le  d i f f e r ,  i f  
they do, i n  t he i r  judgments o f  these  sounds.  It does 
not matter whether your answers agree or disagree  wi th  
o t h e r s  t a k i n g  t h e  t e s t  a s  long as  you make the  bes t  
judgment you can for ea.ch p a i r  of  sounds. 
I n  summary, s e l e c t  t he  sound ( t h e  f i r s t  o r  the second) 
which  you f e e l  i s  louder.  Please write on the back of 
your answer card your name, s e a t  number and the  da t e .  
Remember t o  use  the  same sea t  loca t ion  each  time you 
t a k e  t h e  t e s t .  
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[ INSTRUCTIONS FOX TESTS I Ab?D I1 ] 
JUDGMENTS OF ACCEPTABILITY 
The purpose  of  these  tes te  i s  to  de te rmine  the  
r e l a t ive   accep ta .b i l i t y  of different   sounds.  The t e s t s  
a r e  p a r t  o f  a program of research designed t o  o b t a i n  
information that  w i l l  be of a i d  i n  t h e  p l a n n i n g  of m i l i t a r y  
and c i v i l i a n  a i r p o r t s  and f o r  n o i s e  c o n t r o l  p u r p o s e s  i n  
general .  
On the following recording you w i l l  hear  a sound 
followed  immediately by a second  sound. Your job i s  t o  
punch a ho le  in  Column 1 or Column 2 cor responding  to  t h e  
sound ( the  f i r s t  o r  t he  seconc?) which you f e e l  would be 
more object ionable  or d l s tu rb ing  i f  heard  regular ly  in  
your home. I n  o t h e r  wDrds, p i c k  t h e  sound  you would l e a s t  
l i k e   t o  have i n  your  home, even though you might not want 
e i t h e r  o f  them. Please make a judgment for each  pa i r  of  
sounds, even though you f e e l  you may be guessing. 
Please record your answers according t o  has! the sounds 
a f f e c t  you -.- t h e r e  a r e  no r i g h t  o r  wrong answers, and 
it i s  important  that  VJE f ind  out  how people d i f fe r ,  i f  they  
do, i n  t h e i r  judgments o f  these  sounds. It does  not  matter 
whether your answers agree o r  d i sagree  w i t h  o thers  tak ing  
t h e  t e s t  as long a s  you make the  bes t  judgment you ca.n f o r  
each pair of sounds. 
I n  summary, s e l e c t  t h e  sound ( t h e  f i r s t  or the  second)  
which, i f  heard in  your  home, you f e e l  would be more 
object ionable  or dis turb ing .  
P lease  wr i te  on the  back  of your answer card your name, 
sea.t number and the  da te .  Remember to use t h e  same s e a t  
locat ion each t ime you take  t h e  t e s t .  
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[ I N S T R U C T I O K S  FOR TONE  ADJUSTMEIT TEST 
JUDGMENTS FOZ ACCEPTABILITY FOX TONITS 
The purpose o f  these  t . es t s  i s  to  de te rmine  the  
r e l a t i v e  a c c e 2 t a b i l i t y  of d i f fe ren t   sounds .  The tes ts  a r e  
p a r t  o r  a program of research designed t o  obtain information 
t h a t  w i l l  be  of  a id  in  the  p lenning  of  mi l i ta ry  and c i v i l i a n  
a i r p o r t s  and f o r  no ise  cont ro l  purposes  in  genera l .  
During t h e  t e s t ,  you w i l l  hear  var ious types of sounds. 
With t h e  knob by your l e f t  hand you can control  the 
qua l i ty  [ f requency  o f  one] of these sounds. 
Task I. Your job i s  t o  s e t  t h e  knob by your l e f t  hand 
u n t i l  t h e  sound you hear i s  most ob jec t ionable  
o r  d i s tu rb ing  i f  hea rd  r egu la r ly  in  your home. 
I n  o t h e r  words, a d j u s t  t he  c o n t r o l  u n t i l  you 
produce the sound you would l e a s t  l i k e  t o  have 
i n  your home. Af t e r  you have completed the task, 
p l ease  s igna l  by p res s ing  the  b u t t o n  on t h e  s i g n a l  
cab le  and wait  f o r  t h e  i n s t r u c t i o n s  t o  proceed t o  
Task 11. Please do  not  change  the knob s e t t i n g  
a f t e r  you have rnazyour  dec i s ion .  
-
Task 11. A f t e r  you have been to13 t o  proceed w i t h  Task  11, 
a d j u s t  the  knob by your l e f t  hand u n t i l  t h e  sound 
i s  l e a s t  o b j e c t i o n a b l e  o r  d i s tu rb ing  if  heard 
r e g u l a r l y  i n  y o u r  home. I n  o t h e r  words, a d j u s t  
t h e  c o n t r o l  u n t i l  you produce t h e  sound you would 
most l i k e  t o  have in  your  home. After you have 
completed t h i s  t a sk ,  p l ease  s igna l  and w a i t  f o r  
f u r t h e r   i n s t r u c t i o n .   P l e a s e  do not  change  the 
knob s e t t i n g   a f t e r  you have made your decision. 
7
"
NOTE - Tasks I and I1 of  t h e s e  i n s t r u c t i o n s  were reversed 
i n  sequence f o r  ha l f  o f  the  subjec ts  t o  reduce 
poss ib le  order e f f e c t s  produced by having t o  judge 
t h e  most ( o r  l e a s t )  n o i s y  c a s e  f i r s t .  
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[ INSTRUCTIONS FOR TEST I11 3 
JUDGMETTCS OF ACCEPTABILITY 
The purpose o f  t h e s e  t e s t s  i s  t o  determine the  
r e l a t ive  accep tab i l i t y  o f  d i f f e ren t  sounds .  The tes t s  
a r e  p a r t  o f  a program of research designed t o  o b t a i n  
information tha t  w i l l  be of a i d  i n  t h e  p l a n n i n g  of  m i l i t a r y  
and c i v i l i a n  a i r p o r t s  and f o r  n o i s e  c o n t r o l  p u r p o s e s  i n  
general .  
On the following recording you will hea.r a sound 
followed  immediately by a second  sound. Your job is t o  
determine which of the two sounds fthe f i r s t  one o r  t h e  
second) was t h e  n o i s i e r ,  more o b j e i t i o n a l  or d i s tu rb ing  
i f  h e a r d  r e g u l a r l y  i n  you-me. I n  o t h e r  words, pick the  
sound you  would l e a s t  i i k e  t o  have in  your  home, even 
though you m i g h t ~ w ~ e i t h e r  of them. 
" 
The s e r i e s  of "+Is" on t h e  t o p  of t h e  answer card are 
used t o  provide indicators  of how much n o i s i e r  o r  more 
object ionable  t h e  p a r t i c u l a r  sound was. For example, i f  
you f e l t  th,e Number  One sound was much no i s i e r ,  you should 
Dunch a h o l e  i n  t h e  f i rs t  column w W t h r e e  " + I s " ;  i f  you 
?eel t h e  Number  One sound was somewhat no is ie r  or -more-  
object ionable ,  you should punch the number two column.with 
t h e  two "Sr6"; i f  you f e l t - t h e  Number  One sound was only 
s l i g h t l y  n o i s i e r  or more object ionable ,  then you should 
punch t h e  t h i r d  column w i t h  t h e  one "+'I i n  it. Similar ly ,  
3f you f e l t  t h e  Number Tvo sound was s l i g h t l y  no i s i e r ,  you 
should mnch number f o u r   c o l m  w i t h  Fne "+": if  YOU f e l t  
Number ?.wo was somewhat no i s i e r ,  you should punchlnumber 
f i v e  column w i t h  two " + I  s" ; and i f  you f e l t  Number Two 
was much n o i s i e r ,  you should  punch t h e  number s i x  column 
wi th  t h r e e  ''+IS"'; but be sure  and punch only  one h o l e  f o r  
each sound. Please make a judgment f o r  a g r y  - 
sounds, even though you f e e l  you may be guessing. "
Please record your answers according t o  how the sounds 
a f f e c t  you -- there  a r e  no r igh t  or wrong answers, and it 
is important t h a t  we f ind out  how people d i f f e r ,  if they do, 
i n  t h e i r  judgments of these  sounds.  It does  not  matter 
whether you answers agree or disagree  wi th  o thers  tak ing  
the test as long as  you make t h e  b e s t  judgment you can f o r  
each pair  of sounds. 
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I n  summary, r a t e  t h e  sound (the first o r  the second) 
which, i f  heard in  your  home, you feel  would be more 
ob jec t ionab le  o r  d i s tu rb ing .  
P lease  wr i te  on the back of your answer' card your 
name, s e a t  number  and the  da te .  **Remember t o  use t h e  
same seat  locat ion each t ime you t a k e  t h e  t e s t .  
APPENDIX B 
STIMULUS GEWERATING EQUIPmNT 
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APPENDIX B 
STIMULUS GENTMTING EQ,UIPMENT 
General 
Be fo re  the  t e s t  s e s s ions  commenced, t h e  s t i m u l i  t o  be 
presented to  the tes . t  subjects  were recorded on magnetic 
tape.  The tones and the  no i se  spec t r z  were generated 
independently and recorded on separate  channels  of  a 
1/L! in .  tape  recorder ,  The dura t ion  and r i s e  time of the  
s t i m u l i  were controlled. by a two-channel electronic 
swi tch  in  conjunct ion  w i t h  an external  four-second t imer .  
The ex te rna l  t imer  had two funct ions;  it c o n t r o l l e d  t h e  
generator which placed a h igh  in t ens i ty  pu l se  on Channel 2 of 
the  magnetic  tape  before  each s t i m u l u s .  On playback, t h i s  
pu l se  con t ro l l ed  an  e l ec t ron ic  ga t e  which "opened" while 
a st imulus was being presented and "closed" between s t i m u l i .  
I n  t h i s  way, no audib le  tape  hiss o r  verba l  annota t ion  on 
the tape between samples was heard by the t e s t  sub jec t s .  
i I  time of t h e  e lec t ronic  swi tch  and  a l so  cont ro l led  a pulse 
TEST I (Single Tones) 
To produce  the  s t imul i  f o r  T e s t  I, f ive  f ixed  tones  and 
th ree  no i se  spec t r a  were required. A block diagram of the 
stimulus  generating  equipment i s  shown in   F ig .  B-1. To 
produce the three noise  spectra ,  broadband noise  generated 
by a random noise source was shaped  by  three  para l le l  
f i l t e r s .  The octave band of noise was obtained by using 
a sound level  meter  octave band f i l t e r  se t .  The broadband 
noise  whose spectrum shape approximates the  40 noy ccntour 
("noy") was produced using a. s p e c i a l  BBN d e s i g n e d  f i l t e r .  
Another  special  BBN d e s i g n e d  f i l t e r  was used t o  produce 
t h e  n o i s e  whose spectrum shape approximates that of a 
f o u r - e n g i n e  t u r b o j e t  a i r c r a f t  ( " j e t " )  a t  a dista.nce of two 
thousa.nd fee t  f rom the  observer .  The outputs   of   these 
t h r e e  f i l t e r s  c o u l d  be selected independent ly  and t h e  l e v e l  
con t ro l l ed  by an  a t t enua to r ,  ad jus t ab le  in  s t eps  o f  0.1 dB. 
The discrete tones were generated by a BBN designed 
o s c i l l a t o r  which simultaneously produced five fixed 
frequencies .  The f ixed  f requencies   could  be  selected 
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independent ly  and the level  adjusted by means of a 
0.1 dB a t tenuator .  The tones and the  noise were f ed  t o  
t he  sepazate channels of t he  e lec t ronic  swi tch .  
TEST I1 (Modulated Tones) 
To p r o d u c e  t h e  s t i m u l i  f o r  Test 11, amplitude and 
frequency modulated tones and two noise  spec t ra  were 
required.  A block  diagra.m  of the s t imulus generat ing 
equipment i s  shown i n  Fig. 3-2. To produce  the two 
noise spectra,  broadband no-ise generated by  random 
noise  source was shaped  by two p a r a l l e l  f i l t e r s .  The 
octave band of noise wa.s produced using a sound l e v e l  
meter  and  octave band f i l t e r  s e t .  The broadband  noise 
whose spectrum i s  similar t o  a four-engine turbojet  
a . i r c r a f t  ( " j e t " )  a t  a dista.nce of two thousand feet from 
the  observer  was generated by a s p e c i a l  BBN designed 
f i l t e r .  The  two spectra   could be selected  independently 
and t h e  l e v e l  was cont ro l led  by  an  a t tenuator  ad jus tab le  
i n  s t e p s  of  0.1 dB. 
To generate the modulated tones, two o s c i l l a t o r s  
were  required. A beat   f requency   osc i l la tor   (wi th  
p rov i s ion  fo r  vo l t age  con t ro l  of frequency) was employed 
t o  p roduce  the  ca r r i e r  s igna l  and a second o s c i l l a t o r  
was used t o  supply  the  modulat ing  s ignal .  The a.mplitude 
of  the modulat ing s ignal  was cont ro l led  by a 0.1 dB s t e p  
a.t tenuator.   Generation of  a frequency  modulated  signal 
(switches i n  FM p o s i t i o n  i n  Fig. B-2) was accomplished 
i n  t h e  f o l l o w i n g  manner. The modulating signal was 
connected t o  t he  vol tage frequency control  input  of t h e  
c a r r i e r  o s c i l l a t o r .  Hence, the  ampli tude of the  modulation 
s igna l  cont ro l led  the  ex ten t  of  f requency  var ia t ion  (or  
percent modulation) o f  t h e  c a r r i e r ,  and the  frequency of 
the modulat ion s ignal  control led the rate a t  which the  
c a r r i e r  was modulated. Thus, the  output  of the vol tage 
c o n t r o l l e d  o s c i l l a t o r  wa.s the  des i red  FM s igna l .  The 
amplitude modulated signal (switches in AM pos i t i on )  was 
generated by feeding the modulat ing s ignal  and t h e  
c a r r i e r  s i g n a l *  i n t o  a s p e c i a l  BBN designed amplitude 
* With zero input ,  the osci l la tor  genera. tes  the frequency 
which is  set  on the instrument .  
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modulator was the des i red  AM signal. The l e v e l  of the 
r e s u l t i n g  AM or FM s i g n a l  was c o n t r o l l a b l e  by an  a t t enua to r  
a d j u s t a b l e  i n  s t e p s  o f  0.1 dB. The t o n e  s i g n a l  and noise 
s i g n a l  were fed t o  s e p a r a t e  c h a n n e l s  o f  the  e l e c t r o n i c  
switch. 
TEST I11 
To prepare  t h e  s t i m u l i  f o r  T e s t  I11 it was necessary 
t o  g e n e r a t e  a s i n g l e  broadband " j e t "  noise  and a v a r i e t y  o f  
d i scre te  f requency  tones .  A block diagram of the st imulus 
generating  equipment i s  shown in  F ig .  B-3. For t h i s  t e s t  
it was necessa ry  to  gene ra t e  the  tones  s ing ly  o r  i n  
complexes  of two, f o u r ,  f i v e  or s ix t een  tones .  S ing le  tones  
were produced by a f ixed  f r equency  osc i l l a to r ,  gene ra t ing  
t o n e s  a t  t h e  p r e f e r r e d  o c t a v e  band cen te r  f r equenc ie s  from 
250 t o  4000 Hz. Non-harmonically related,  two-tone  complexes 
were generated by mixing the outpu%s of t he  fixed frequency 
o s c i l l a t o r  and t h e  sine wave output of a s i n e  and square 
wave o s c i l l a t o r .  
Generation of harmonically related two-tone complexes 
required. phase locking the two tones  to  p reven t  bea t ing .  
This  was accomplished by t ak ing  the  squa re  wave output  of 
s i n e  and square wave o s c i l l a t o r  and passing the square 
wave s igna l  th rough a BBN designed frequency divider.  A t  
the outputs  of the f requency  d iv ider  y ie ld  two square waves 
whose f requencies  are 1/2 and 1/L! that  of the  input  
frequency.  These two waves were then mixed and  passed 
through a 1/3 octave ba.nd f i l t e r  i n  o r d e r  t o  f i l t e r  out 
a l l  unwanted harmonics  of  the  square wave. The output 
of t h e  l/3 octave band f i l t e r  i s  a sine-wave whose 
frequency i s  an exact  one octave or two octaves lower 
than the frequency of the s i n e  and square wave o s c i l l a t o r .  
The d iv ided  s igna l  was mixed with the sine-wave output 
of the  s i n e  and square wave o s c i l l a t o r  t o  g e n e r a t e  t he  
harmonic  two-tone  complex. A l l  tone  complexes  involving 
more tha.n two tones were pre-recorded for playback on a 
ta .pe  car t r idge  p layer .  A l l  frequencies  were  checked  using 
a frequency counter.  The tones and the  ' ' j e t "  no i se  were 
fed in to  separa te  channels  of t h e  two channel  e lec t ronic  
switch. 
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F I G U R E  8 - 2 .  B L O C K   D I A G R A M  OF S T I M U L U S   G E N E R A T I N G   E Q U I P M E N T   F O R  TEST I1 
( M o d u l a t e d   T o n e s )  
~. . .  
c 
0.1 dB 
Step  Attenuator 
4 
Random Noiw 
Source 
Simulated- 
Jet Filter 
I I I @ 0.1 (B ; 
I Step  Attenuator/ 
I / a -  
L """"_ J 
I Annotation - I Microphone 
I 
Tope  Cartridge / 
Player / 
0.1 dB 
Step Attenuator 
1/3 O.B. Filter 
0.1 dB 
Fixed 
Fixed 
Attenuator 
loo0 Hz 
Mixer 
- 
4 
Channel 1 
I 
Electronic 
Switch 
4 
Channel 2 
I 
1 
1 
Pulse 
Generator 
F I G U R E   8 - 3 .   B L O C K   D I A G R A M  OF STIMULUS  GENERATING  EQUIPMENT  FOR TEST I l l  
( M u l t i p l e  Tones) 

" .. . " 
APPEIQLY C 
MAX1:lrllTM LEVELS  PRESENTED DURING JUDGMENT TESTS 
57 
Std.  
C - P .  
Std.  
C - P .  
s t d .  
-0.p- 
Std.  
C - P .  
C - P .  
Std.  
Std.  
C 0 . P .  
C-P .  
C-P. 
.-P. C - P .  
Std.  
C-Q. 
C W .  
COW. 
C O W .  
COMD. 
Dct. 250 
OEt.12501. 250 
Jet -  
Je t  
Je t  
250 
Jet  
5W 
Jet  2OW 
low 
Jet  4" 
TABLE C - 1  
M A X I W  LFfm.3 OF STIMULI FOR TLST 1 (SINGLE T O N S )  
sound PT~SS- L W ~ I  i n  dB re 0 . m 2  a y d a q .  EIP. 
Cme-l71lrd OEtave Band Center Frequency, Hz 
01 50 63 80 1W 125 160 200  250 315 400 500  630 800 1000 1250  1600 2000 2500  3150 4000 5000 6300 8000 10,000 
111.0 
98.0 
105.0 
W.0 
106.0 
95.5 
104. 0 
96.5 
,o9f:5, 
lll.o a . 0  67.0 
98.0 68.5 71.0 
106.0 6 0 66 0 
100.5 5210 61:O 
95.5 60.0 63.0 
59.0 68.5 71.0 
111.0 70.0 * t .o  
88.0 63.C 69.u 
102.5 68.0 74.') 
103.5 68.0 711.0 
96.5 66.0 7?.0 
93.5 65.0 71.0 
60.5 
52.5 
75.5 79.0 
71.5 75.0 
70.5 74.0 
75.5 79.0 
67.5 71.0 
65.5 69.0 
74.0 76.0 
79.0 81.0 
79.0 s1.0 
77.0 79.0 
76.0 78.0 
81.0 83.0 
71.0 85.5 93.0 94.0 81.0 64.5 
63.0 77.5  90.0 111.0 %:: 73.0 56.5 
53.0 62.5 75.0 8h.O 105.0 
63.0  72.5 55.0 fie.5 P9.5 
67.0 
58.0 
50.0 
87.0 78.3 4 . 5  
e2.5 68.0 57.5 
79.0 89.0 90.0 
82:: 
811.0 
84.0 
82.0 
81.0 
79.5 
93.5 
54.5 
811.5 
as.5 
R1.5 
80.0 
85.0 
82.0 
83.0 
3;: 111.0 
79.5 
84.5 
84.5 
8? .5 
61.5 
76.5 
61.5 
7Q.5 
78.5 
es.0 
e1.5 
71.1 
7E. 
76.5 
74.5 
77.5 
I 2 . j  
71.0 
78.0 
102.0 
76.3 
74.0 
73.0 
60.5 
50.5 
91.5 
73.0 
85.0 
83.0 
;%:: 
g:: 
79.0 
83.5 68.5 
72.5 57.5 
2:; 1:::: 
60.5 68.5 
48.5 56.5 
81.0 77.5 
77.0 73.5 
76.0 72.5 
71.0 67.5 
& X  $2 
70.0 66.5 
71.0 73.5 
75.0 71.5 
75.0 71.5 
70.5 €4.5 
58.5 52.5 
%mp. Jet 500 
3omp. Jet 533 5 100 AM 
iomp. Jet  
.7mp. Jet  
50;) 25 100 AM 
500 100 100 AM 
Camp. Jet 5 w  100 AH 
Comp. Jet 2000 
Comp. Jet 2000 5 100 
Comp. Jet 2000  25  130 
RH 
Cmp. Jet 2000 100 100 
AM 
7omp. J e t  2000 300 101 
AM 
AH 
Comp. Jet  5 w  5 T '!.T Fb 
Comp. Jet  
Comp. Jet 
500 
500 I% 3 ?6 m FM 
Comp. Jet 500  300 - 28 Fn 
Comp. Jet  2000 5 f 2.5 
comp. Jet 2000  100 ? e 3 m p .  J e t  2500  25 2 2.5 pH Fn 
Sound Pressure Level i n  dB re O.OW2 dynhq.  em. 
One-Thlrd Octave Bsnd Center Frequency. HZ. 
OA 50  63 no 100 125  160 200 250  315  400 5  630 800 1050  1250  IMO 2000 2500  31   4000  50  6330 5000 
37.0  55.0 4.0 65.9 
9e.5  49.5 511.5 60.5 
91.5 5i.5  5 .3 w . 0  
911.5 50.5 511.5 SO.O 
94.0 49.5 55.3 r 1 . 5  
94.5 50.5 5 F . 3  60.5 
811.5 44.5 51.5 57.11 
31.0 44.5 51.'m 57.C 
R2.5 50.5 51.0 5?.3 
83.3 47.5 51.5 57.0 
82.6 45.0 51.0 57.0 
98.5  50.0 511.0 61.0 
98.5 49.0 511.') 59.5 
9e.o 49.0 54.5 61.0 
96.5 119.0 53.0 60.0 
86.0 50.5 54.0 59.5 
86.0 50.0 53.5 59.5 
96.5 49.0 54.5 60.0 
85.5 
57.5 
81.5 
81.5 
77.0 
67.0 
67 . n 
67.5 
60.0 
65.0 
h7.' 
45.@ 
65.0 
611 .O 
611.5 
66.5 
66.5 
66.5 
6Q.o 
67.0 
67.0 
63.0 
75.0 
71.0 
73.5 
75.5 
71 .? 
71.5 
67.5 
67.5 
46.5 
6P.0 
67.0 
70.5 
73.5 
M.5 
70.0 
59.5 
7n.o 
€9.0 
111.0 
31 .o 
76.0  75.5 79.0 
70.5  74.0  71.5 
71.5 74.5 711.3 
71.5 73.5 711.0 
7?.0 p.5 711.5 772.3 r7.O 7 i .5  
75.0 75.5 76.5 
7 3 . 0  78.0 76.5 
73.5 111.5 90.5 
711.2 ~ 6 . 0  94.0 
75 . j  75. x . 5  
711.9 -3.5, 97.5 
71.0  74.0  74.5 
71.5 73.0 74.0 
70.5 73.0 73.5 
114.0 51.5 61.0 
311.0 41.5 51.0 
73.0 70.5 72.0 
73.0 70.5 71.5 
7 2 . 5  70.0 70.5 
75.0  79.5  .5 
65.0 T I . 0  57.5 
70.0 
711 .O 
76.3 
7E.i. 
85.5 
75.5 
66.1 
6E.5 
67.5 
67 .O 
66.5 
80.5 
a2 .O 
79.5 
63.5 
69.5 
69.0 
69.5 
80.0 
79 .0 
75.5  73.5 71.5 71.0 67.5  63.5 6 . 0  59.5 56.0 511.0 53.5 
75.5 68.5 
25" 3:; 
71.5  69.0 
86.5 71.0 
66.5 66.5 62.5 58.5 56.5 54.0 51.3 45.5 46.5 
67.0 66.0 62.5 55.5 57.0 54.0 51.0 48.5 116.5 
67.0 65.5 62.5 58.5 56.5 5'4.0 51.0 118.0 116.0 
66.5 65.5 61.5 58.5 56.5 54.0 51.0 L5.5 116.5 
6 S . O  66.0 63.0 59.0 57.0 53.5 51.0 L?.5 117.0 
67.5 66.0 64.0 65.0 83.0 61.5 54.5 51.5 4E.O 47.0 
67.5 66.3 64.0 65.0 83.0  61.0 54.5 51.5 4?.0 117.0 
70.5 68.5 66.5 66.5 62.0 58.5 57.0 54.0 51.0 116.5 47.0 
71.0 69.0 66.5 66.0 62.5 58.5 57.0 54.0 51.5 49.0 47.5 
82:: ;: %:E 2:: 2:: : :::: :::: :::: 2::: 2:; 
70.5 68.0 
70.5 68.5 
70.5 6e.0 
72.0 59.5 
62.0 49.5 
56.5 
1111.5 
66.5 bS.0 83.5 6rr.5 57.0  55.0 1.0 5J.J 118.0 
66.5 73.5 84.5 6e.5  57.0 54.5 51.0 119.5 117.0 
66.5  8.5  4.0  64.5 57.0 55.0 51.0  49.5 117.0 
51.5  53.5 
41.5 43.5 
67.0 77.0 77.0 7b.5 66.5 55.5 
. 55.0 65.0 81.0 6 . 5  54.5 43.5 
Q, 
0 
Stimulus 
Std. 
Std. 
c o w .  
C O P  . 
cow. 
C O W .  
COP. 
cow. 2 
co w .  
Comp. 
camp. 
Cow. 
cow. 
c o w .  
Cow. 
c o w .  
c o w .  
cow. 
C O W .  
comp. 
Caw. 
COW. 
COV. 
cow. 
Comp. 
Z O P .  
cow. 
camp. 
cow. 
COW. 
comp. 
C O P .  
c o w .  
C o w .  
cow. 
comp. 
c o w .  
Jet 
Jet 
Jet 
Jet  
Jet 
Jet 
Jet 
Jet 
jet 
:e: 
J F  t 
Jec 
J% 
Jet 
Jec 
J e t  
J e t  
Jet 
Jet 
Jt t 
Jet  
J e t  
Jet 
Jet 
.let 
J e t  
Jet 
Jet 
Jet 
Jet 
Jet 
Jet 
Jet  
Jet  
Jet 
Jet 
Jet 
1000 
250 
1000 
500 
2000 
40W 
8000 
250,268 
250,315 
250 500 
2501630 
;50,1000 
500 536 
500. 1000 
500:630 
500,  1250 
500,2000 
1000,1qo 
1000,1250 
1000,2000 
loo0 2500 
l0W:bWO 
2000,2140 
2000 25'50 
2030:4OCQ 
2030 5000 
2000:8000 
4000.4280 
4000 5000 
4000'8000 
4000: 10000 
TABLE C-3 
MAXIHUH LEVEIS OF STIUULI FOR TEST 3 (MULTIPLE TONES) 
Sound mesoure Level in d B  re 0.0002 dyn/nq. cm. 
Dne-Third -taw BBnd Center Frequency, HZ 
oA 50 63 80 Loo 125 160 200 250 315 400 500 630 800 1000 1250  1600 2000 2500 3150 4000 5000  63  8000 10,000 12,500 
85.5  52.0  55.5 62 5 70 5  7 .0  74.5  76.5 78.0 77.0 74.5  7 .0  73.5  73.5  71.5  70.5  69.0  65.5 62.0 59.5  56.5  54.0  51.5  48.5 
80.5 3.0 40.5 U : 5  53:O 56.0  57.5 59.5 61.0 9.5 58.0 7.5 5 .5 61.0 80.0 61.0 52.0 49.0  44.5 2.0 
.O 61.0 58.5 5  5 53.0 50 5 4  5
8.0 60.0 57.5 52:5 52.5 
20:5 
4g:O 
89.5 70.0 58.0 57.0 51.5 50.5 48.0 
65.5 59.5 57.5 54.0 52.5 9.5 46.5 
66.5 62.5 a.0 83.5 65.0 52.5 50.0 42.0 
70.0 66.5 64.0 61.0 59.0 61.0 80.0 63.5 
102.5  57.5  51.5 5U.5 61.5  66.5 68.0 77.5  102.0  93.5  70.5  72.5 66.0 69.0 64.0 62.0 63.5 
102.0 59.5  53.0  5.5  61.5 66.0 67.5  7 .0  98.0  99.5  79.5  69.0  69.0  69.0  65.5 62.0 60.5 
105.0  61.5  57.0  59.3  66.5  71.5 74.0 78.5  98.5  98.5 101.0 97.5  80.5  7 .0  73.5  71.0 66.0 
104.0 57.5 60.5 68.0 71.5  72.0 n.0 9 . 5  97.0  97.5  97.0 94.0 78.0 72.5 69.5 67.5 
107.5 9.0 53.0  58.5  67.5  70.5  70.5  76.5  96.5  89.0  96.0  94.0  91.0  94.5  92.5  77.0  74.5 
58.5  54.5  52.0  49.5  47.5 47.0 
57.5 5'4.0 51.5  48.5  47.0 46.0 
611.0 59.0  57.0  54.5  52.5  51.0  5 .0 
62.5  58.0  56.0  53.5  51.0  5 .0  49.0 
68.0 60.5  58.5  5 .0  53.0  53.0  52.0  48.5 
45.5 
44.0 
50.5 
1 Bmadband noise with S p e C t m  similar t o  turbojet Plyover at 2000 P t .  
2 Standard l eve l  for overa l l  judgment at 10 dB below t h a t  sham above. 
TABLE C-3 (Continued) 
MAXIMW4 LWEU OF STIMULI FOR TEST 3 (HLLTIPLE TONES) 
Sound Pressure Level i n  dB re 0.0002 d d 6 q .  Cm. 
One-Third Octave Rand Center Frequency. H Z  
OA 50  63 80 100 125 160 200 250 315 400 500  633 803 1000 1250  62  2300 2500 3150 4000 5000 6300 8000 10,000  12,500 j 
I m . 0  49.0 54.0  63.0  65.0  66.0  7.0  68.5 69.0 75.5 100.0 86.5 67.5  66.0  2.0  62.0  57.5  54.0 51.5 49.0  46.5 'r6.0 Comp. 
camp. 
Comp . 
Camp. 
Camp. 
Comp . 
Camp. 
C O W .  
Comp . 
Camp. 
Comp. 
Comp. 
C O W .  
Camp. 
Comp . 
cornp. 
romp. 
comp. 
camp. 
comp. 
comp. 3 
Comp. 3 
comp . 
Jet 500 509 518. 
Jet 500 530 561, 
Jet g % W C 1 7 0 7 ,  
52?,53b 
59$, 636 
Jet 500,625,800, 
Jet  500 TO7 1000, 
11~00,1250 
11116.2060 
J e t  1000,1017,103h, 
J e t  1000 1057 1118, 
J e t  lOOC 1089,1h14, 
J e t  1000,125G,1600, 
Jet   1000,lhl4,2000, 
1052,1070 
11b2,12jo 
1681,2000 
2000 2500 
2828,"OO 
J e t  2050 2034 2069, 
Jet 2000,2115,2236, 
Jet  2000  2378 2828, 
J e t  2000,2500,3150, 
.Jet 2000 2828 11000, 
216h,2160 
23@I 2500 
338,h060 
4000 5000 
56;7,8060 
Jet 0000 4068 4138, 
Jet 4000,11223,4472, 
Jet 4000 b7 7 5657, 
42h,42$0 
4729,5000 
6787.8060 
J?t h000,5600,6300, 
J e t  4000 5657,8000, 
8000 10000 
l l i l l l  
J e t  2500 2800h 
J e t  2500:50005 
I 
98.5 57.0 55.5  6e.5  66.5  67.0 9.0 69.5 69.5 74.0 95.0 95.5 75.0 65.5 66.5 63.5 62.0 55.0  2.0 49.5 48.0 47.0 
.02.0 53.5 58.5 66.0  69.5  7 .5 73.0 74.0 73.5 76.5 97.0 95.0  97.5  92.5  76.5 72.5 69.5 63.0 57.0 53.0 51.5 50.0  48.5 
98.5 53.5 56.5  63.5 69.0 68.5  70.5  71.5 71.5 73.5 94.0 88.5 92.0 88.5 82.0 87.0 86.5 70.0 63.0  55.5 1.5 1.5 48.5 
.01.5 51.5  57.5  66.0  9.5  7 .5  72.0  72.5  73.0 77.0 96.5  93.5  95.5  92.5  93.0  76.0 72.5 67.0 60.5  56.5  53.0  2.0  .0 48.0 
96.0  54.0  62.5 €4.5 65.5  66.5 68.0 68.0 66.0  5 5h.   719 .  a4.O 63.0 70.5  58.5  6.5  0.5  0.0 48.0 Lg.0 
94.5 51.5  55.5 56.0 61.0 U . 5  U . 0  67.0  67.5 66.5 6'4.5 64.3  62.5  68.5  92.0  91.5 70.0 €4.0 64.0 56.0 51.5 48.5  46.0  44.5 
96.5 49.5 52.0 56.5 €4.0 67.5 68.0 70.5  71.5 70.0 69.0  69.0  67.0  71.5  91.5  9I.O 91.5 87.0 70.5  6 .0  58.5  54.0  5 .0 48.0 43.5 
95.5 50.0 49.5 55.5  62.5  67.5  68.0 69.0 70.0  7 .0 68.0 68.0 66.5  70.5 9O.5 91.5 87.5 86.0 00.5  66.0 61.5 54.0 50.5 48.5  43.5 
9 . 5  47.5 49.5 55.5  63.5 68.0 67.5  69.5  70.5 70.0 68.0 68.5 67.0  71.0  91.5  53.5 88.0 86.5 77.0 80.0 78.5  62.5  5 .5 47.5 44.0 
91.0 50.0 57.0  59.0  62.0  65.5 65.5 67.0 68.0 68.5  66.5  66.0 a.0 611.5 63.0 61.5 66.5 90.5  78.5  57.0  58.0  49.5  52.5 46.0 
90.5 48.5 54.5 62.5 66.0  67.0  9.0  69.5 68.5 67.5 67.5 6 .5 6 .5 64.0 62.5 6 .5 88.0 06.5 U . 0  56.5  54.5  51.0  46.5 
90.5 47.5 53.0  56.5  €4.5 68.0 68.5 70.0 72.0 71.0 69.0  69.0 67.0 67.5  6 .5 64.0 66.5 87.0 84.0 82.5 79.0  63.0  53.5  49.0 
89.5  51.5  0.5  7.5  63.5 68.0 69.0  7 .5  71.5  71.0  69.5  69.0  67.0  67.5 66.0 65.5  66.5 86.5 02.0 78.5  77.5  7 .5  57.5  51.5  43.0 
89.0 51.0 50.0  57.0 65.0 67.5 69.5 71.0 71.5 71.5  69.0  69.0  67.0  67.5  66.0 €4.5 66.5 87.0 76.5  79.5  77.5 68.0 72.0 67.0 52.0 
8'4.5 48.5  53.0  .5 a . 5  67.5  68.5 70.5 71.5 71.0 69.5  69.5  67.5  67.5  66.0 €4.0 63.0 60.0 56.5  58.5  82.5  71.5  49.5  48.5 
85.0 49.5  52.0  6.0 66.0 69.0 69.0  7 .5  72.0 71.0 70.0 70.0 68.0 69.0 67.0 65.5 63.5 61.0 5'1.5 58.5  80.5 80.0 58.5  W.5 46.5 
86.5  50.5  3.5 60.0 68.0 70.5  73.0  74.5  1 .0  74.5 72.0 72.0 70.0 70.5 69.0 68.0 66.0 63.5  59.5 60.0 80.0 77.5 78.0 71.5  56.0 42.5 
86.5 51.0  54.0  61.0 67.0 71.5  71.5 .(4.0 75.5 7'1.5 72.0 72.5  70.5  71.5 69.0 67.5 66.0 63.5  59.0 60.0 80.5  79.0 74.0 70.5  66.5  48.5 
E5.0 49.5 54.0 60.0 67.0 72.0 71.0 73.0  75.0  73.5 72.0 73.0 70.0  71.0  65.0  67.5  66.5 63.0 59.5 60.0 80.0 70.0 711.0 70.0 56.5  56.5 
90.3 58.0 62.0 67.5 74.0 78.0 79.0 80.0 82.5  91.5  79.0  3 .0  77.5  73.5  76.5 75.0 73.5 71.0 74.5 71.0  61.5 58.5 6.0 3.0 47.0 
90.5  56.5 59.5 67.0 7h.0 79.0  79.0  8 .5  82.5  82.0  79.0 80.0 77.5 73.0 76.5  76.0  73.5  70.5  73.5 a . 5  61.0  58.5  56.0  3.0 47.0 
87.5  44.0  51.0  53.5 54.5 60.5  82 06.   0.5 67.0 79.5  76.0  75.0 76.0  4 52.  70.0 66.0 47.5  52.  
3 Standard l e v e l  Por overa l l  judgment at 5 dB below that shorn above. 
4 Tone t o  noise r a t i o  5 dB a t  ?500 and 2&0. 
5 Tone t o  noise r a t i o  5 d 9  st 2500 - 5 dB a t  5000. 

APPENDIX D 
RESULTS OF JUDGMENT TESTS 
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TABLE D-1 -- RESULTS OF TEST I (SINGLE T0NE.S) FOR 
GROUP L USING LOUDNESS INSTRUCTIONS 
S t  irnulus 
Standard 
Frequency (Hz ) Noise Noise 
Equal i ty  Level Tone 
Level  (Judged 
Comparison 50% Comparison 
in dB r e  Max) 
octo* 
- 7  4000 Oct 0 Oct . - 7  2000 Oct 0 Oct . 
- 12 1000 Oct. Oct. -16.5 500 Octo Oct. . 
-12.5 250 Oct. 
Oct. -- 250 - 14 
act . " 1000 
- 6  ." Oct 0 4000 
- 605 2000 " Oct. -11.5 
NOY NOY 500 -14..5 
woy NOY 1000 -16 
NOY NOY 2000 -13.5 
NOY NOY -17 4000 
I 
2 1 
Oct . 1 -1605 500 " Y 
Noy** -21 250 NOY 
- 
Jet++X"-" -10.5 250 Je t  
J e t  
- 12 4000 J e t  J e t  - 5  2000 J e t   J e t  
- 1.5 1000 J e t  J e t  - 6.5 500 J e t  
J e t  " 250 
500 
- 9.5 
J e t  " - 6.5 
Jet  " 1000 - 3.5 
J e t  " 
- 5  4000 " J e t  
- 0.5 2000 
" ~ -~ ~~~~ ~- * 
~~ ~ ~~ ~ 
Octave band of noise  centered a t  t one  frequencies .  ** Broadband noise with spectrum similar t o  40 noy contour. *** Broadband noise with spectrum s1mila.r t o  t u r b o j e t  
~ ~~~ ~ - 
flyover a t  2000 f t .  
64 
. . " . . . " 
TABLE D-2 -- RESULTS OF TEST I (SINGLE TONES) FOR 
GROUP L USING  ACCEPTABILITY  INSTRUCTIONS 
~. . 
St imulus  
Standa.rd 
Frequency (Hz)  Noise  Noise 
Comparison 
Tone 
Oct. * 
4000 Oct. Oct . 2000 Oct. Oct. 
1000 Oct. Oct. 
500 Oct. Oct . 250 Oct. 
Jet** 
4000 " Je t  
2000 " J e t  
1000 " Je t  
500 " J e t  
250 " 
' Comparison 50% 
Level   (Judged 
' E q u a l i t y   L e v e l  
i n  dB re  Max) 
-14 
-11 
- 8  
. - a  
-11 I __ ~ ~ ~ ~~.~ ~ ~~ ~ 
* Octave band of  n o i s e  c e n t e r e d  a t  t o n e  f r equenc ie s .  ** Broadband n o i s e  with spectrum s i m i l a r  t o  t u r b o j e t  
~~ .~ ~~ -~ - -~~ ~ 
f l y o v e r  a t  2000 f t .  
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TAi3LE D-3 -- RESULTS OF TEST I (SINGLE TONES) FOR 
GROUP A U S I N G  ACCEPTABILITY  INSTRUCTIONS 
Stimulus 
Standard Comparison 
Comparison 50% 
Level  (Judged 
Tone Equality Level 
Noise i n  dB r e  Max) Frequency (Hz) Noise 
." ~- - 
&t.* 
-10 4000 Oct. Oct. 
- 2000 Oct. Oct e 
-20.5 500 Oct. Oct. 
-18 250 Oct. 
Oct. " 250 -18.5 
Oct " 
-10.5 4000 " OCL 
- 8  2000 " Oct. 
-12.5 1000 " Oct. 
-19-5 500 
NOY NOY 500 - 18 
NOY NOY 1000 -25 5 
RToy NOY 2000 =2 1 
NOY -23 4000 NDY 
oc t .  
13.5 
1000 Oct e 
Nay** -22.5 250 NOY 
Jet*** 
-18 4000 J e t  J e t  
-12.5 2000 J e t  J e t  
- 9  1000 Jet Je t  
7.5 500 J e t  J e t  
- 12 250 J e t  
Jet " 250 - 12 
Jet  -" 500 
-14.5 4.0 00 " J e t  
- 7.5 2000 " Jet  
-11 1000 " J e t  
- 12 
* Octave band o f  noise  centered a t  t o m  f requencies .  ** Broadband noise  with sDectrum similar t o  40 nov contour. ** Broadband noise  with sbectrurn similar t o  t u r b o j e t  f l y o v e r  
a t  2000 ft. 
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TABLE D-4 -- RESULTS OF TEST I (SINGLE TONES) FOR 
GROUP A USING LOUDNESS INSTRUCTIONS 
I I 
Stimulus 
Comparison 50% 
Level ( Judged 
Equality Level.  
Noise Frequency (Hz ) i n  dB r e  Max) 
~Oct .* 
- 8  4000 Oct. ;Oct. 
- 6.5 2000 Oct. ' O C t .  -10 1000 Oct . ~Oct. 
-13 500 Oct. Oct. 
-12 5 250 oct .  
#Jet** 
- 2  4000 " 1 J e t  
" 1  2000 " J e t  
- 0  1000 " Jet  
- 1.5 500 " ' J e t  
- 6.5 250 " 
* Octave  band of  no i se  c e n t e r e d   a t  tone f requencies .  
** Broadband n o i s e  with spec t rum s imi l a r  t o  tu rbo je t  
flyover a t  2000 f t .  
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TABLE D-5' -- RESULTS OF TEST 1 1 - A  (MODULATED TONES) 
USING ACCEPTABILITY  INSTRUCTIOPJS 
. .  
Standart  
Noise 
J e t *  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
Oct. ** 
oc t. 
L 
Stimulus 
I 
Noise 
Jet  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
Jet 
J e t  
Jet 
J e t  
J e t  
Oct. 
O c t  . 
Y 
" 
L. 
C 
Tone 
Freq. (Hz 
500 
500 
500 
500 
500 
2000 
2000 
2000 
2000 
2000 
500 
500 
500 
500 
2000 
2000 
2000 
2000 
500 
l p a r i s o n  
Mod ul. 
Rate(%) 
% 
Modul 
100 
100 
100 
100 
" 
" 
100 
100 
100 
100 
- + 2.5 
2 5  * 16 
28 
& 2.5 
- + 8  
100 
f 2.5 
- t - 5  
T o e  
Modul. 
" 
AM 
AM 
AM 
n Ifl 
" 
AM 
AM 
AM 
AM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
AM 
FM 
Comparison 50% 
Level  (Judged 
Equality Level 
i n  dB re Max) 
-13 
-12.5 
- 9  
-10 
- 9  
-12.5 
-11.5 
-10 
- 8  - 5.5 
-16 
-15 
- 13 
-13.5 
-11.5 
-10.5 
- 5  
- 14 
- 14 
* Broadband n o i s e  with spectrum similar t o  turbojet f lyover  
a t  2000 ft. 
*c)c Octa,ve band of noise cen te red  a t  t one  f r e q u e n c i e s .  
68 
TABLE D-6 -- RESULTS OF TEST I I - C  (SINGLE TODTES) 
USING ACCEPTABILITY INSTRUCTIONS 
_ .  .~ - - 
S t  imulue 
Comparison 50% 
Standard Comparison Level  (Judged 
Tone Equa.lity Level 
Noise i n  dB r e  Max) Frequency (Hz)  Nois  e 
Oct .* 
Oct. 
-21 250 Oct. 
- 12  4000 Octo  Oct. -10 2000 Oct.  Oct. 
-14 1000 Oct. Oct. 
-19 500 Octo 
Oct. " 250 -21 
Octo " 500 
-10 4000 " act. 
- 2000 " Oct. 
-19 0 5 
NOY NOY 500 - 19 
NOY NOY 1000 -26.5 
NOY NOY 2000 -24 
NOY -24.5 4000 NOY 
Oct. 
13.5 
1000 " 
NOY *-x -21 250 NOY 
- 
Jet*** J e t  
J e t  J e t  
- 10 250 
- "7 4000 Jet  J e t  
-12 2000 J e t  J e t  
- 8  1000 Je t  J e t  
-12 500 
J e t  " 250 - 8  
J e t  " 500 -18 
J e t  
- 17 4000 " J e t  - 9  2000 
" J e t  
-11 1000 " 
-~ 
. ~ . .  
" b * Octave  band of noise   centered  a t   one  f requencies .  
** Broadband noise  with spectrum s i m i l a r  t o  4.0 noy contour. *** Broadband noise  with spectrum s i m i l a r  to t u r b o j e t  
flyover a t  2000 f t .  
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TABLE D-7 -- RFSWTS OF TEST III (MULTIPLE TONES) 
USIbTG ACCEPTABILITY/I'lOISINESS IbTSTRUCTIONS 
T 
btandard 
Noise 
Jet '  
J€t 
J e t  
J e t  
J e t 2  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
Je t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
Stimulus 
Noise 
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
JE: t 
J e t  
J e  t 
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
Zomparison 
Tone 
Frequency (Hz ) 
250 
500 
1000 
2000 
4000 
0000 
250,268 
250,315 
250,500 
250,630 
250,1000 
500,536 
500,630 
500,1000 
500,2000 
500,1250 
1000,1070 
1000,2000 
1.000~2  500 
1_000,4000 
2000,2140 
1000,1250 
2000,250O 
2000,2500 
2000,2500 
2000,2500 
Comparison 50$ 
Level  (Judged 
Equal i ty  Level  
i n  d B  r e  Max 
-13 
-13 
-20.5 
-18.5 - 18 
-11.5 
-15.5 
-19 
- T 5  1 
-17 
- 17 
-14 
1 Broadband noise  wi th  spec t rum s imi la r  t o  t u r b o j e t ,  
f l y o v e r  a t  2000 f t .  
2 S t anda rd  l eve l  f o r  judgment a t  10 dB below t h a t  nmmally used. 
* Average 3f 114.5 used in a n a l y s i s .  
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TABLE D-7 -- RESULTS OF TEST 111 (MULTIPLE TOBTES) 
USING ACCEPTABILITY /NOISINESS IMTRUCTIONS - 
Continued 
St imulus  
Tone 
Comparison 5C$ 
Equality Level 
Xandard 
i n  d B  r e  Max) Frequency (Hz) Noise 
" 'Ndise 
Level  (Judged Comparison 
J e t  J e t  2000,2500 
-12.5 2000,8000 J e t  J e t  
-16, 2000,5000 J e t  J e t  
-16 2000,4000 J e t   J e t  
-15 * 2000,2500 J e t   J e t  
-14 * 2000,2500 J e t   J e t  
-14 * ~000,2500 J e t   J e t  
-16.5)~ 2000,2500 J e t  Jet  
-14 * 2000,2500 J e t  Jet  
-15 5* 
Jet J e t  4ooo,4-280 -12 
Jet  J e t  4000,5000 -13 
J e t   J e t  kooo, 8000 -14.5 
J e t  J e t  4000,10000 - 15 
J e t  
-19 250,353,500, J e t   J e t  
-20 250,315,400 J e t  J e t  
-20 250,297,315 J e t   J e t  
-14.5 250,265,281, J e t  J e t  
-17.5 250,2559259, J e t  
J e t  J e t  500,509,518 -15 
J e t  J e t  500,530.561 b13 
J e t  
J e t  
-20.5 500 594,707 J e t  
-21.5 50O,707,1000 Jet. J e t  
-21  500,625,800 J e t  
264., 268 
297,315 
420 , 500 
500,630 
707,1000 
527,536 
5 95,630 
8 4 - 1 , l O O O  
1000,1250 
1&14,2000 - 
* Average of 14.5 used i n  ana lys i s .  
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TABLE D-7 -- RESULTS OF TEST I11 (MULTIPLE TONES) 
USING ACCEFTABILITv NOISINESS INSTRUCTIONS - 
Continued 
Standard 
Noise 
J e t  
J e t  
Je t  
Jet  
Jet  
Jet  
J e t  
J e t  
J e t  
J e t  
J e t  
Je t  
J e t  
Je t  
J e t  
J e t  + 1K** 
Jet  + 1K”* 
J e t  + X*-% 
Jet + 1K** 
J e t  + lK** 
Stimulus 
Noise 
J e t  
Je t  
J e t  
J e t  
J e t  
J e t  
J e t  
Je t  
Jet  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
Jet 
2mparison 
Tone 
Frequency (Hz) 
1000,1017,1034, 
1052,lO~O 
1000 1089,14 
1 G h ,  2000 
1000 1057,ll 
1182,1250 
.18, 
14, 
1000,l25O, 1600, 
1000, lbt, 2000, 
2000 2500 
2828,4000 
2000,2034,2069, 
210G.2140 
2000,2500,3150 
QOOO 5000 
2000,2~28,4000 
5657,8000 
4000,4068 4138, 
4000,4229,4472, 
4208,4260 
4729,5000 
6727,8000 
4000,4757,5657, 
qooo, 5000,6300, 
8000,10000 
4000,5657 8000, 
11314 
~000,1070 
1000,2000 
1000,2500 
1000,1250 
1000,4000 
Comparison 50s 
Level  (Judged 
Equality Level 
i n  dB re Max) 
-21 
-1 5 
-24 - 4.5 
- st:5 
b+ Includes 1000 Hz tone i n  s tandard ( tone-to-noise  ra t io  - 
25 d B )  
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TABLE D-7 0-  RESULTS OF TEST I11 (MULTIPLE TONESJ 
USING ACCEPTABILITY/NOISINESS  INSTRUCTIONS - 
Concluded 
I Stimulus 
tandard  I Comparison 
1. Tone 
Noise Frequency (Hz) Noise 
Jet  
J e t  
Jet 
J e t  
250 thru 4000 J e t  
2500,5000, J e t  
2500,2800, 
4 
with 250 Hz 
spacing 
Comparison 50$ 
Level  (Judged 
Equality Level 
i n  dB r e  Max) 
3 Standa rd  l eve l  f o r  Judgment a t  5 dB below t h a t  nmrnally used. 
4 Tone-‘to-noise r a t i o  5 dB a t  2500  and  2800. 
5 Tone-to-noise  ra t io  5 dB a t  2500 -5 d B  a t  5000. 
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PUEE TONE CORRECTIONS 
75 
F’ 
TABLE E-1 
Corrections* t o  be Added t o  l/3rd Octave Band Perceived 
Noise Levels t o  Account for Discrete Frequency Components 
r 
Band Center SPL of Toned Ehnd  Above  Non-Toned Adjacent Bands 
Frequency 3 4 6 8 10 12 14 16 18 20 25 
t ”
100 
125 
160 
200 
2 50 
315 
400 
500 
630 
800 
1000 
1250 
1600 
2000 
2500 
3150 
4000 
5000 
6300 
8000 
10,000 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
.1 
- 3  
.6 
.6 
.3  
0.00 
0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 .1 
0.0 - 3  
.2 .6 
.4 .8 
-58 .95 
.6 1.0 
.5 .9 
.39 08 
.3 .7 
.5 = 9  
.7 1.2 
-9  1.5 
.8 1.3 
.6 1.1 
.2 .8 
0.0 .4 
0.0 0.0 
0.0 
0.0 
0.0 
0.0 
.3 
.60 
-9  
1.2 
1.4 
1.5 
1.5 
1.2 
1.1 
1.3 
1.6 
1.9 
1.9 
1.6 
1.1 
.6 
.1 
0.0 
0.0 
0.0 
e7 
1.05 
1.4 
1.7 
2.05 
2.1 
2.0 
1.75 
1. G 
1.9 
2.4 
2.8 
2.5 
2.0 
1.5 
- 3  
-3  
-9  
0.0 
0.0 
0.0 
1.0 
1 .h 
1.8 
2.3 
2.7 
2.6 
2.25 
2.3 
2.6 
3.2 -J. 6
3.2 
2.6 
1.8 
1.2 
.5 
65 
297 
-, 
0.0 
0.0 
1.0 
1.4 
1.8 
2.4 
2.85 
3.4 
3 lJ.5 
3.25 
2.88 
2.8 
4.5 
I!- . 0 
3.2 
2.4 
1.6 
.9 
53 
3 .  0 
2:; 
.2 
55 
1.1 
1.5 
1.9 
2-35 
3.0 
3.5 
4.1 
l!. 1 
4.0 
3.3 
3.9 
k.8 
5.5 
4.9 
4.0 
3.0 
2.0 
1.3 
3.55 
35 
1. :r 
2-3 
2.86 
3.6 
4.25 
4.8 
4- . 8 
4- .4.5 
4.05 
3.9 
4.5 
5.4 
6.0 
3.4 
2.5 
1.6 
2:; 
.5 
-9 
1.7 
2.25 
2.8 
3.75 
4.4 
5.1 
5.8 
5.8 
5.7 
5.1 
4.8 
.9 
1.6 
2.35 
3.10 
3.8 
4.8 
6.2 
5.6 7.9 
6.6 9.6 
7.6 10.8 
6. 9 9.7 
5.8 8.0 
4..3 5.7 
2.9 4.3 
2.0 3.4 
* Corrections t o  t h e  nearest  one-tenth decibel  resul t  from the  in te rpola t ion  of 
data and are  not  intended to  imply absolute  degree of accuracy. 
This t a b l e  was furnished by private correspondence with John L i t t l e ,  10 January 1967, 
Boeing Company, Sea t t l e ,  Washington 
TABLE E-2 -- KRYTER AND PiARSOFlS TONE  CORRECTIONS* 
/3 Octave 
and, C e n t e r  
rcqucncy 
in Hz 
80 
100 
125 
160 
200 
250 
320 
400 
500 
630 
800 
loo0 
1250 
1600 
2000 
2500 
3200 
4000 
5000 
6300 
10,000 
.am 
SPL OF TONED BAND A R X E  ADJACENT BANDS (dB)  
0.2 0.6 1.0 
0.7 1.2 1.8 2.0 2.4 2.7 
1.0 1.7 2.4 3.0 3.4 3.8 4.1 
1.3 2.1 2.8 3.5 3.9 4.4 4.8 5.1 
1.5 2.4 3.0 3.6 4.0 4.5 5.0 5.4 
0.3 1.8 2.6 3.4 3.0 4.5 5.0 5.3 5.8 
0.5 2.0 3.0 3.8 4.5 5.0 5.5 5.9 6.3 
1.5  2.9 3.7 4.4 5.0 5.11 5.9 6.3 6.8 
1.7 3.3 4.1 4.8 5.5 6.0 6:5 7.0 7.5 
2.2 3.0 4.8 5.6 6.2 6.7 7.2 7.6 8.0 
2.5 4.2 5.2 6.0 6.6 7.2 7.6 8.0 0.4 
3.0 4.6 5.6 6.4 7.0 7.5 8.1 8.6 9.0 
3.0 4.6 5.6 6.4 7.0 7.5 8.0 8.4 8.8 
3.0 4.3 5.2 5.8 6.2 6 .6  7.0  7.3  7-5 
0.4 0.5  0.4 0.4 0.4 0.4 0.6 0.7  0.9 
0 0 0 0 0 0 0 0 0  
1.7 2.4 2.0 3.1 3.3 3.5 3.8 4.0 4.2 
1.4 
3.0 
4.5 
5.5 
5.8 
6.7 
7.8 
8.5 
8.8 
9.5 
9.2 
7.8 
4.3 
0.8 
6.2 
7.2 
0 
1.6 
4.8 
3.3 
5.8 
6.1 
6.6 
7.1 
7.6 
8.2 
8.8 
9.2 
9.9 
9.6 
8.0 
4.5 
1.0 
0 
0.3 
1.8 
3.5 
5.0 
6.1 
6.4 
7.0 
7.5 
8.0 
8.5 
9.1 
9.5 
10.2 
10.0 
8.3 
4.6 
0.9 
0 
0.6 0.8 1.0 1.2 1.4  1.6 1.7 1.8 2.0 2.2 2.3 2.5 
2.2 2.5 2.9 3.2 3.5 3.8 4.0 4.3 4.5 4.e 5.0 5.3 
3.8 4.1  4.5 4.8 5.0 .4 5.7 6.0  6.4  6.  7.O 7.2 
5.4 5.6 6.0 6.3 6.5 6.8 7.1 7.4 7.6 7.6 9-0 8.3 
6.5 6.8  7.1  7.3  7.5 7.8 8.0 8.3 8.5 8.6 e.4 
7.4 7.6 8.0 8.4 8.6 e.8 9.1 9.4 9.5 9.8 13.0 10.2 
6.7 7.0 7.4 7.6 8.0 8.3 8.5 8.8 9.0 9.2 9-4  9.6 
7.9 8.3 8.6 8.9 9.1 9.5 9.8 10.0 10.2 10.5 10.7 10.9 
8.3 8.6 9.0 9.2 9.5 9.8 10.0 10.3 10.5 10.6 11.1 11.3 
8.8 9.1 9.5 9.8 10.2 10.5 10.8 11.0 11.3 11.6 11.8 12.3 
9.9 10.2 10.5 10.8 11.2 11.5  .8 12.2 12.5 12.9 13.2 13.6 
10.6 11.0 11.3  .6 12.0 12.3  6 13.0 13,3 13.5 13.8 14.0 
10.4 10.7 11.1 11.4  .7  12.0 v . 4  12.6 12.9 13.1 13.4 13.6 
8.4 8.6  8.  9.0 9.3 9.5  9.3 10.0 10.2 10.5 10.7 13.9 
4.7 4.9 5.0 5.1 5.2 5.4 5.5 6.0 6.1 6.; 6.3 6.11 
1.0 1.2  1.2 1.2 1.1 1.3 1.2 2.0  2.0 1.3 1.9  1.9 
0 0 0 0 0 0 0 ~ 0 0 3 0  
9.5  9.   10.2 10.5 10.8 11.1 11.4 11.6 11.9 12.2 12.4 12.6 
z =  
5.5 
7.' 
9.: 
9.: 
10.3 
9.7 
11.c 
11.1 
11.2 
li .' 
1k.2 
1b.3 
12.: 
11.3 
:.J 
., 
" 
" 
: .. 
C 
i 
APPENDIX F 
(Addendum t o  Report)  
SUMMARY RESULTS OF MULTIPLE TONE TEST REPE2lT 
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APPENDIX F 
(Addendum t o  Report ) 
Summary Resul ts  o f  Multiple Tone Test Repeat 
The r e s u l t s  of Test  I11 u s i n g  s i n g l e  t o n e  s t i m u l i  i n  
noise  a re  not  in  agreement  with those of Test  I and I1 
a s  shown i n  F i g .  11 of t h i s  repor t .  As mentioned i n  t h e  
d iscuss ion  sec t ion ,  a possible  reason for the  discrepancy 
might be due t o  d i f f e r e n c e s  i n  t h e  tes t  in s t ruc t ions  g iven  
f o r  Test  111. Therefore, it was dec ided  to  r epea t  Test I11 
using t h e  i n s t r u c t i o n s  employed i n  Test I and I1 (see 
Appendix A ) .  The r e s u l t s  of the  t e s t  r e p e a t  a.re  given 
i n  th i s  addendum. 
For ease in comparing t h e  r e p e a t e d  t e s t  w i th  t h e  
o r i g i n a l  t e s t  r e s u l t s ,  we have  dupl ica ted  the  f igures  in  
t h e  body of t he  r e p o r t  r e l a t i n g  t o  T e s t  I11 adding the  
r e su l t s  ob ta ined  in  the  r epea t  a s  da rke r  l i nes .  I n  addi t ion ,  
t h e  r e s u l t s  f o r  t h e  repeat  of Test 111 a r e  shown i n  
Table F-1. This t a b l e  i s  similar t o  t h o s e  g i v e n  i n  
Appendix D for t h e  o the r  tests.  Figure F-1 shows t he  
r e s u l t s  of the repeated Test I11 p lo t t ed  on Fig. 11-B. 
Note that  t h e  results of  the repeated t e s t s  a r e  i n  c l o s e  
agreement w i t h  those of Test  Ser ies  I and 11. 
As shown i n  F i g .  F-2, t h e  PNL differences between tone 
plus  noise  and the noise  a lone using the pure tone 
co r rec t ions  of b o t h  L t t t l e ,  2nd Kryter and Pearsons l i e  
c lose r  t o  ze ro  fo r  t he  r epea ted  Tes t  I11 tha .n  the  or ig ina l .  
This  i nd ica t e s  c lose r  apeemen t  of calculated values  w i t h  
t h e  judgment resul ts  (perfect  agreement  occurs  a t  zero) .  
However, as shown in  F ig .  F-2, t h e  median values which 
were r ep resen ta t ive  of t h e  t h r e e  t e s t s  d i d  not change 
appreciably with t h e  re-run of Test 111. The main e f f e c t  
was t o  r e d u c e  t h e  v a r i a b i l i t y  among t h e  d i f f e r e n t  t e s t s .  
Figure F-3 shows t h e  r e s u l t  o f  t h e  t es t s  employing 
mul t ip le  tone  s t i m u l i  mixed with broadband  noise. The 
resu1. t~ using the tone corrected perceived noise  level  
a r e  now i n  closer agreement wl th  t h e  judgment r e s u l t s  
than previously obtained with t h e  former Test I11 r e s u l t s .  
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Although there  i s  s t i l l  a.n ove rco r rec t ion  fo r  the 
judgment data around 2000 Hz, the  overcor rec t ion  is  
less in  the  case  o f  t he  r epea ted  Tes t  111. T h i s  
e f f e c t  may also be n o t e d  i n  the  4000 Hz case, i n  
p a . r t i c u l a r  f o r  the  two-tone complexes. 
Figure F-4 shows the resul ts  of  the judgments  of 
equa l  no i s ines s  fo r  mul t ip l e  t ones  as a func t ion  of 
number of  tones. A 6  i n  t h e  p r e v i o u s  f i g u r e s ,  t h e  r e s u l t s  
us ing  the  tone  cor rec ted  perce ived  noise  leve l  are i n  
closer agreement wi th  t h e  judgment r e s u l t s  f o r  t h e  repeated 
Test  I11 than  f o r  t h e  o r i g i n a l  Test 111. 
The r e s u l t s  shown i n  Figs. F-1 through F-4 i n d i c a t e  
that  the  p re sen t  methods of cor rec t ing  the  perce ived  noise  
l e v e l  c a l c u l a t i o n  t o  a.ccount for t he  add i t iona l  no i s ines s  
a t t r i bu ted  to  the  mul t ip l e -pu re - tone  components i s  
adequate.   Further,   the  Test  I11 repeat  resu l t s  i nd ica t e  
t ha t  the qual i f ica . t ions previously mentioned in  the body 
of  the report  unnecessary when making f ina l  conclus ions  
2 and 3.  
Although the  subjec ts  in  the  or ig ina l  Tes t  I11 may 
have ma.de t h e i r  judgments p a r t i a l l y  on t h e  ba.sis of 
loudness, t he  r e l a t i o n  between s i n g l e  and mult iple  tone 
judgment r e s u l t s  remained r e l a t ive ly  cons t an t  ove r  the 
two t e s t s .  The major  d?Yference in  t h e  resu l t s  of  t h e  
two t e s t s  i s  represented by t h e  d i f f e r e n c e  i n  t h e  r e s u l t s  
with s ingle- tone s t imuli .  
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TABLE F-1 b- RESULTS OF TEST 111-B (MULTIPLE TONES) 
U S I N G  ACCEFTARILIT-Y/NOISINESS INSTRUCTIONS 
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
Jet 
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
L 
Stimulus 
Comparison 
Noise 
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
Tone 
Frequency (Hz ) 
250 
500 
1000 
2000 
4000 
8000 
250,268 
250,315 
250,630 
500,536 
500,630 
500,1000 
250,500 
250,1000 
500,1250 
500,2000 
1000,1070 
1000,125O 
1000,2000 
1000,2500 
1000,4000 
2000,2140 
2000,2500 
2000,2500 
2000,2500 
2000,2500 
T 
1 Comparison 50% Level  (Judged Equality  Level in dB r e  Max -17.0 -20 5 
-19.0 
-17.0 
-16.0 
-19.5 
-13.5 
-20.5 
-20 5 
-22.5 
-17.5 
-21 0 
-19.5 
-21.0 
-21.0 
-20.0 
-17.5 
-21 0 
-22.5 
-22.0 
-15.5 
-13.5* 
-17.0* 
-19 5* 
-18.5" 
1 Broadband noise w i t h  spectrum  similar t o  tu rboje t .  
2 Standard  level f o r  judgment a t  10 d B  below t h a t  normally  used. j, 
* Average of 17.5 used i n  analysis.  
, j  
flyover a t  2000 f t .  
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TABLE F-1 -- RESULTS OF TEST 1 1 1 - B  (MULTIPLE  TONES) 
USING ACCEF'TABILITY/NOISINESS IFSTRUCTIONS - 
Continued 
Stimulus 
1 
Imprison 
Equality Level Tone 
Comparison 50% 
Level  (Judged 
Frequency (Hz) i n  d B  re Max) 
Standard Cc 
Nois e Noise 
J e t   J e t  
J e t  
J e t   J e t  
J e t   J e t  
J e t  J e t  
J e t  J e t  
J e t  J e t  
Jet J e t  
J e t   J e t  
J e t  
J e t   J e t  
J e t   J e t  
J e t   J e t  
J e t   J e t  
J e t   J e t  
J e t   J e t  
J e t   J e t  
J e t   J e t  
J e t  Jet 
J e t  
J e t   J e t  
J e t   J e  -t 
J e t  J e t  
Jet J e t  
J e t  
2000,2500 
2000,2500 
2000,2500 
2000,2500 
2000,2500 
2000,5000 
2000,8000 
2000,2500 
2000,4000 
-18.5* 
-18.5* 
-21. o* 
-1 .o* 
-17.0 
-18.5 
-17.5 
-17.0" 
-1 zi .5 
4000,4280 
4000,8000 
4000,5000 
4000,10000 
a s  l 
" 
" 
" 
" 
" 
-19.5 
-20.0 
500,509,518, 
527,536 
500,530,561, 
595,630 
500  594,707, 
84.1,lOOO 
500,625,800, 
1000,1250 
500,707, iooo, 
14.14,2000 
* Average of 17.5 used in  ana lys i s .  
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TABLE F-1 -- RESULTS OF TEST 111-B (MULTIPLE TONES ) 
USING  ACCEFTABILITY/NOISINSS  INSTRUCTIONS - 
Continued 
S t  imulus 
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  + 1K** 
J e t  + lK** 
J e t  + 1K** 
J e t  + 1K** 
J e t  + 1K** 
Jet 
J e t  
J e t  
J e t  
J e t  
I 
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
Standard Comparison 
Noise  Noise 
I 
Frequency (Hz) 
1000,1017,1034, 
1052,1070 
1000,1057,1118, 
1000 1089,1414, 
1182,1250 
1581,2000 
10oo,1250,1600, 
2000 2500 
2828,4000 
1000, 1fi14,2000, 
2000,2i15,2236, 
2364,2500 
33 64,4000 
2000,2378,2828, 
2000,2500,3153, 
2000,2628,4000, 
4000 5000 
5657,8000 
- 
2000,2034 2069, 
2104.21CO 
- 
" 
I 
L1000,4068,4138, 
4208.4280 
4.000,4$29,4472, 
40GO,4757,5657, 
4729,5000 
6727,8000 
4ooo,5000,6300, 
8000,~oooo 
4000,5657 8000, 
11314 
1000,107.0 
1000,1250 
1000,2000 
1000,2500 
1000,4000 
-20.5 
-19 5 
-20.5 
-22 .o 
-23.0 
-18.0 
-17 5 
-18.0 
-18.5 
-19.5 
-13.0 
-12.5 
-19.0 
-21 e5 
-19.0 
-20.0 
-16.5 - 4.0 
-23.0 - 
** Includes 1000 Hz tone   in   s tandard   ( tone- to-noise   ra t io-  
25 dB> 
Comparison 50% 
Level  (Judged 
Equality Level 
i n  d B  re Max) 
- .  
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TABLE F-1 -- RESULTS OF TEST 111-B (MULTIPLE  TONES) 
US IFG ACCEPTABILITY/NOISINESS INSTRbCTIONS - 
Concluded 
Standard 
Nois e 
Je t  
J e t 3  
J e t  
Stimulus 
Comparison 
Tone 
No 1. s e Frequency (Hz ) 
J e t  
250 t h r u  4000 Je t  
2500, 50005 J e t  
2500,2800~ 
with 250 Hz 
3 Standa rd  l e v e l  for judgment a t  5 
4 Tone-to-noise   ra t io  5 dB a t  2500 
5 Tone-to-noise r a t l o  5 cld a t  2500 
Comparison 50% 
Level  (Judged 
Equality Level 
i n  d B  r e  Max) 
-19.0 
-18.0 
-13.0 
dB below that  normally used.  
and  2800. 
-5 dB a t  5000. 
85 
5 
m T O  z 
t .- 
; 
2 -5 
E! 
ln 
ti 
5 -10 
.- 
L 
0 
Q 
U 
-1 5 
125 250 500 1000 2000 4000 8000 
A. BROADBAND N C Y  NCISE AS STANDARD 
Tnne Frequency in Hz 
5 
m 
z o  0 
C ._ 
-2 
U 
0 c -5 
E 
.- j,
i 
0 -10 E 
U 
-1 5 
”“- 
- 
-A I 98 dB 
I IC  aa dB 
I I A  a8 dB 
” 
I ””- 0 I l l  86 dB I I I 
1 I I I I 1 
125 250 500 1000 2000 4000 8000 
Tone Frequency in  Hz 
B. BROADBAND JET NOISE AS STANDARD 
FIGURE 1 1 .  J U D G M E N T  OF E Q U A L  NOISINESS FOR  DIFFERENT 
J U D G E D   E Q U A L  TO B R O A D B A N D  NOISE ( S T A N D A R D )  
T E S T  S E R I E S  - S I N G L E  TONE P L U S   B R O A D B A N D  NOISE ( C O M P A R I S O N )  
F I G U R E   F - 1 .   R E S U L T S   O F   T E S T  I l l  (Repeated) 
S H O W N  O N  F I G U R E  1 1  
86 
”. 
I 
LITTLE TONE 
CORR. 
A 
- I  
. .. + """ 
. .. I . " 
KRYTER. 
PEARSONS 
TONE CORR 
I 
SERIES 
." ~- 
11 
STANDARD 
OASPL 
A I 
0 II c 78 dB 
- ""t-i ""_ 
230 I  . ! I- 00  1000 2000 4000 8000 
T c r , e  Frzque3;cy i l l  Hz 
A.  BROADBAND N O Y  NGISE AS STANDARD 
- ___- 4 KRYTER .. I . . . I  " . 
LITTLE TONE PEARSONS STANDARD 
CORR. TONE CORR. SERIES OASPL 
A 
II c 
0 0 Ill 86 dB 
88 dB __ 
+ I 98 dB II A 88 :IB - 
""_ - Mrdiort 
125 250 500 1000 2000 4000 8000 
Tcrle Frequency in Hz 
B .  BROADBAND JET NOISE AS STANDARD 
F I G U R E  1 4 .  J U D G M E N T S  OF E Q U A L  NOISINESS FOR DIFFERENT  TEST 
B R O A D B A N D   N O I S E   ( C O M P A R I S O N )   J U D G E D   E Q U A L  TO B R O A D B A N D  
NOISE ( S T A N D A R D )  
S E R I E S  C O R R E C T E D  FOR PURE TONE C O N T E N T  - S I N G L E   T O N E   P L U S  
F I G U R E   F - 2 .   R E S U L T S   O F   T E S T  I l l  ( R e p a a t a d )  
SHOWN O N  F I G U R E  1 4  
87 
L 
11 
,* ......... 1...<.... .... IP"" 'f lvnn, i f  Orrn.,, 
4 
FIGULC F - 3 .  L C S U L l S  OF 1 E S l  111 lR.p.ol.dl 
S H O W N  ON FIGULC I 9  
88 
r 
15 
10 
5 
h 
m 
2 
.- S O  
x 
v n 
% 
-0 
C 
0 
3; 
2 -5 
C 
0 
0 
Q 
.- In 
L. 
5 
V 
-1 0 
-1 5 
-20 
Fundamental  Frequency = 250 Hz 
No. of Tones Frequencies 
1 250 
2 250, 1000 
5 250, 353, 500, 700, 1000 
16 250 to 4000 @ 250 Hz Increments 
Darker Curves lndic te Repeated 
Test II Results 1 
" OASPL 
- -.-.-.- 0 P N L  
0 PNL with Kryter & Pearsons 
O PNL with Little Tone Correction 
Tone Correction 
""" 
1 2 5 16 
No. of Tones 
F I G U R E  2 0 .  J U D G M E N T S  OF E Q U A L   N O I S I N E S S  - M U L T I P L E  TONES 
W I T H  2 5 0  H z  F U N D A M E N T A L   I N   N O I S E   ( C O M P A R I S O N )   J U D G E D  
E Q U A L  TO B R O A D B A N D   J E T  NOISE 
F I G U R E   F - 4 .   R E S U L T S  OF TEST I l l  ( R e p e a t e d )  
S H O W N  O N  F I G U R E  20 
NATIONAL AERONAUTICS AND  SPACE ADMINISTRATION 
WASHINGTON, D. C. 20546 
OFFICIAL BUSINESS FIRST CLASS MAIL 
POSTAGE A N D  FEES PAID. 
SPACE ADMINISTRATION 
NATIONAL AERONAUTICS 
07U 0 0 1  30  51 3 0 s  6 8 1 9 4  00903  
A I R  FLlliCE NEAPClNS L A B O K A T O K Y / A F W L /  
K I I I T L & I ' ~ D  AI!? F O R C E  B A S E (  IVEW V E X I C O  8711 
POSTMASTER: If Undeliverable (Section 158% 
Postal Manual) Do Not Return', 
@ 
~. .~ - " ~ -~ 
"The aerot2azdcal and space activities of the United States shall be 
cofzdzlcted so as t o  contribzdte . . . t o  the expamiolz of hz~naan knowl- 
edge of phezon~efza ift the atmosphere and space. The Administration 
shall provide for rhe widest practicable and appropriate dissenrimtion 
of information conceraiag its actitdies and the Feszdts thereof!' 
-NATIONAL AERONAUTICS AND SPACE ACT OF 1958 
NASA SCIENTIFIC A N D  TECHNICAL PUBLICATIONS 
TECHNICAL  REPORTS: Scientific and 
technical information considered important, 
complete, and a lasting  contribution to existing 
knowledge. 
TECHNICAL  NOTES:  Information less broad 
in scope but nevertheless of importance as a 
contribution to existing knowledge. 
TECHNICAL  MEMORANDUMS: 
Information  receiving  limited distribution 
because of preliminary  data, security classifica- 
tion, or other reasons. 
TECHNICAL TRANSLATIONS: Information 
published in a foreign language considered 
to merit  NASA  distribution  in English. 
SPECIAL PUBLICATIONS: Information 
derived from or of value to NASA  activities. 
Publications  include  conference proceedings, 
monographs,  data  compilations, handbooks, 
sourcebooks, and special bibliographies. 
TECHNOLOGY  UTILIZATION 
PUBLICATIONS:  Information on technology 
used by NASA  that may be of particular 
CONTRACTOR  REPORTS: Scientific and 
technical information  generated  under a NASA Technology Utilization R~~~~~~ and N ~ ~ ~ ~ ,  
contract or  grant  and considered an  important 
contribution to existing knowledge. 
interest in commercial  and other non-aerospace 
applications.  Publications  include  Tech Briefs, 
and Technology Surveys. 
Details on the availability of these publications may be obtained from: 
SCIENTIFIC AND TECHNICAL INFORMATION DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Washington, D.C. 20546 
"- 
